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investigations the elastic prop- 
erties textile fibers treat the problem 
the fibers the stretched tew 
consider the bending properties 
due mostly the experimental difficulties involved, 
especially when. static quasi-static methods are 
employed. 

When fiber which free one end and rigidly 
clamped the other end submitted con- 
centrated load, the deflection the free end 
function its bending and 
measurement the bending modulus wool and 
hair. The same principle was utilized Sen 
for jute fibers, with the modification 
fibers were tested time. Miiller [15] con- 
structed apparatus for the determination the 
bending properties single fibers. remarked, 
however, that the results are not very accurate 
due the experimental difficulties encountered. 
The bending modulus nylon monofils with 
diameter least 0.3 mm. was investigated 
Carlene [3] according the following procedure. 
The fiber treated beam which freely 
supported the ends and loaded the center with 

Parts and III this paper report work done Mrs. 
and Part reports work done Mrs. Karrholm 
and Mr. Schréder. 
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The loading 
with the Cambridge 

Carlene applied another static method which 
ordinary dimensions. The fiber 
weight produces distortion the ring shape, from 
which the flexural rigidity can 

Textile fibers show elastic deformation 
even for loads below the means 
that the rate loading will the stress and 
strain the fiber. When the experimental condi- 
tions are such that the stress and strain 
dependent time, the method referred 
method gives the stress- 
stress and strain are usually sinusoidal functions 
time. According these definitions, the testing 
methods described above may 

value for modulus obtained 
when static and dynamic methods are applied. 
However, the values obtained for fibers will differ 
appreciably, the dynamic values being higher than 
the static ones. dealt with this 
perspicuous way paper the elastic prop- 
erties rayon. 


ae 
he 
>. 
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Some dynamic methods for the determination 
the stretching properties fibers 
published. Meyer and Lothmar [14] 
acoustic method, which was improved Ballou 
and Silverman and Andersen 
constructed apparatus with which both static 
The 
dynamic elastic properties rubber-like materials 
were extensively investigated Nolle 
Lochner studied the 
properties textile fibers the only publication 
existing this subject. 


and dynamic measurements can made. 


However, 
intention was study the damping capacity 
fibers. this purpose measured 
nance frequency the fibers using methods which, 
some cases, are similar those used herein. 


PART THEORETICAL 


Fundamental Equations 


The differential equation for elastic beam 
subjected forced vibrations can written 


where exciting frequency, mass the 
the body from its equilibrium position, 

The resonance frequency this system, 
obtained from 


for the undamped system 0), 


(3) 
details the reader referred the literature 

The following equation can deduced for the 
free transversal vibrations prismatic bar with 
cross section weight per volume and flexural 
constant 
(Timoshenko 


along bar 


(4a) 


celeration gravity, moment inertia, and 
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function 


2(x,t) u(x)-y(t). (4b) 


The vibration axis the bar lies the direction 
the x-axis. 
According Timoshenko, 
= (4c) 
where the length the bar and constant 
depending the mode vibration and the bound- 
ary conditions. 
Combining equations (4a), and (4c) gives 


(4d) 


(4d) the same type equation (1) 
ifr The resonance frequency can then 
obtained from equation (3) inserting 


4n = Ay 
or 
2 4 
(5) 


one end the bar built and the other end 
free: 1.875 for the fundamental mode 
vibration, 4.694 for the first harmonic, and 
7.855 for the second harmonic. 

This assumes that !aw valid and that 
the length the bar large compared its cross 
section. Further, the damping has been neglected. 

(5) valid irrespective the shape 
the cross section. For circular cross section, the 

According equation (5) get 


(6) 


Equation (6) for cross 
section also; then means the axis perpendicular 
the bending axis. 

deriving the bending stiffness, all damping 
forces have been neglected. the amplitude 
plotted against the frequency the forced vibra- 
tions, the width the curve obtained will increase 
with the damping forces. (The 
much more complicated than indicated here. 
For details the reader referred Courant 
damping forces will also influence 


4 
| = 
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the value the resonance frequency, but 
smaller degree. lower value the resonance 
frequency obtained with 
producing, according equation (5), too low 
value the bending modulus. The damping 
effect depends partly the friction losses the 
vibrating body (internal damping) and partly 
the damping the surrounding medium 
case air damping). performing the measure- 
ments vacuum, the influence the air damping 
can eliminated. Measurements under vacuum 
will involve more complicated apparatus, and, what 
more important, there the that 
fibers will have elastic properties 
vacuum than is, course, also necessary 
work constant known water vapor pressure 
the absence air. 

these reasons desirable that the method 
used under atmospheric pressure. 
for quantitative determination the influence 
air damping the value the resonance 
frequency 

damping force proportional the time 
derivative dy/dt acts the system, equation (4a) 
can written 


Further, external force with the angular 
velocity acting the system, 
the frequency the oscillating 
proaches the resonance frequency corresponding 
can write with good approximation 


(7) 


where constant and y(t) according 
equation (7) the same type 
equation Equation (2) can therefore 
used calculate the resonance frequency. 


Theoretical Calculation the Influence 
the Air Damping 


The magnitude the air damping fine quartz 
culated Ising [9]. pointed out that 
impossible calculate the friction 
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long cylinder moving with 
perpendicular its axis viscous medium unless 
the medium has definite limitation. 
proved Lord Rayleigh [12 
Oberbeck calculated the frictional resistance 
against ellipsoid moving with constant low 
velocity viscous medium. 


This was also 


the semiaxes 
the ellipsoid are denoted and where 
danda and the direction the motion 
perpendicular a-axis, the frictional resistance 
per unit length offthe given the 
following 


the ellipsoid. 

Combining equation (7) and equation (2) and 
having the flexural rigidity, obtained 


as 


(9) 


The assumptions made deriving 
correspond the actual case, the velocity not 

Stokes [19] calculated the frictional resistance 
against cylinder oscillating unlimited mass 
according 


where constant and the angular velocity 
According Stokes, the force per unit length 


the cylinder, exerted the medium 


d*y 


—kM 


(10a) 


where 


medium, and are functions the quantity 


where 
d 


viscosity the medium. 


and 


ae 
By 
3 
(8) 
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0.1, the following expressions for and 
are valid: 


where 


and have been calculated and tabulated 
Stokes 52) for larger values 

The term containing equation (10a) 
expression for the amount the medium (in 
this case air) which follows the cylinder. With 
very small values the diameter, this amount 
air will considerably less than evident from 
the resistance best described merely function 
the velocity, when fine fibers are being con- 


(11) 


(7) then becomes 


The resonance frequency, v,, obtained from 
equation (2) having 


(12b) 


(12c) 


can calculated: 


2 4 
where 


obtained from equation (10b) where Ap. 
Combining equations and gives 


(12d) 


From equation (12a) the flexural rigidity, 


For circular cross section, and 
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TABLE RELATIONSHIP BETWEEN FIBER 
DIAMETER, RESONANCE FREQUENCY, AND 


Max. 

influence 
air 

damping 

according Smallest fiber diameter 
eq. resonance frequency of: 

Viscose rayon (11 denier) (5.7 denier) 


(4.3 denier) (1.8 denier) 


Nylon (11.7 denier) (5.9 denier) 
(4.6 denier) (2.1 denier) 


The value increases with decreasing values 
diameter and resonance frequency. The percent- 
age influence the air damping the bending 
modulus obtained from equation (13a), and 
calculate the minimum fiber diameter that fulfills 
this condition given resonance frequency. 
The density the fiber will influence the results; 
hence, the calculations have been made for nylon 
fibers (density 1.14) and for viscose rayon (density 
Circular cross section assumed well. 
The results are given Table this table 
evident that accurate results can obtained 
atmospheric pressure when the fiber diameter 


Frequency 


100 200 


Fic. function the frequency, for different 
fiber diameters. 


K 
4 
7, 
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large enough and the resonance frequency 


realized varying the fiber length, since the 
resonance frequency inversely proportional 


the fiber length. 


Experimental Determination the Magnitude 
the Air Damping 


two the resonance 
frequency the amplitude the vibrations 
times the maximum amplitude. The difference 
between these two frequencies called the 
width” the frequency curve; can determined 
experimentally and can used measure the 
damping effect. 

can shown (Appendix that the band 
width, Av, equal 


(14) 


Inserting the value equation (13a) gives 


2 4 2 


The same expression was derived Nolle 
with the help electric analogy. that case, 
refers the experimentally determined band 
width, regardless the cause the damping 
the assumptions made this paper 
deriving equation (16), refers only that 
part the damping caused the air, but equation 
(16) valid the internal damping considered 


(16) 


over-all band width, equation. 

The value the band width obtained vibration 
experiments measure the over-all damping. 
order obtain only that part caused air 
damping, necessary determine the magnitude 


the internal damping. function decreases 
with increasing values fiber diameter 
nance frequency. Figure k’, 


where and are the constants equation (1). 
combining equation (14) with equations 
and (12c), the following equation obtained: 


function the 
resonance frequency, for different values the 
fiber diameter. 
value the band width can from 
equation which, shown above refers only 


(15a) 


theoretical 


the band width thus calculated function 

the resonance frequency for different values the 

fiber The calculation made for viscose 

which gives fibers large values the diameter, 


Band width 
40p Band width 

- 

| od*054 mm, | 
| 
| 
L. | 


x 4*037 mm 
@4d*023 mm. 
mm 


4 


Frequency V 


100 200 300 


band width referring internal 
damping function the frequency for thick 
model filaments. 


Calculated band width referring only air damping 
function the resonance frequency for different fiber diameters. 


= 
ay 
ay 
: 
| 
2 


DAMPING* 


INTERNAL 


Band 
Calculated width 
band width (depending 
(depending 
damping) damping) 


1.68 
2.48 
3.90 
7.85 


Total 

Fiber Resonance band 

diametert frequency width 
(ps) Av 


540 1.68 
69.5 2.48 
116.0 3.90 

221.0 7.85 


370 35.5 
57.0 2.06 
89.3 2.96 2.96 

168.5 4.50 4.50 

225.0 6.20 


1.17 
2.06 


1.17 


28.2 0.90 
42.0 1.63 
100.0 3.30 2.90 
214.0 6.60 


30.9 
44.8 
59.4 
3.40 
90.2 3.70 
148.0 
167.0 6.20 
228.0 8.30 
254.0 10.0 


0.67 
0.80 
1.25 
2.20 
2.50 
3.85 
4.80 
6.80 
8.50 


The values columns and are mean values six 
determinations. 
means that the fiber was not stretched; means 


that the fiber was stretched the xanthate state. 


termined band width will caused the internal 


damping for the most part. These 


therefore suitable for the measurement internal 
damping. experiments circular model 


Unstretched model 


respectively, 
state were used. 
diameters and respectively, were also 
Part band width was de- 
termined for two different amplitudes two and 
four times the fiber diameter. Within these limits 


the band width was independent the amplitude. 


The experimental results for different resonance 
frequencies Table 
six determinations. 


are values 


given are the 
column the theoretically band widths 
(from equation depending only air damp- 
ing, 


and 230u, the values are measurable quantities 


are For the fiber diameters 
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{Amplitude 
| scale lines 


Frequency '/sec. 


| 


5 20 25 30 35 40 


curves for the same viscose 
fiber three different lengths. 


(see Figure Figure shows the band width, 
been corrected for the air damping 
Table The band width caused internal 
damping increases rectilinearly with the resonance 
frequency. 
stresses; see below.) 

The 


written 


(The fiber subjected only small 


equation the regression line 


This equation valid for the internal damping 
viscose independent fiber diameter and 
degree stretching within 


frequency range 


The experimental errors the determination 
the resonance frequency are small compared with 
the errors the determination the band widths. 
The standard error, predicted value 
corresponding given value may cal- 
culated from the following expression (Davies 
131): 


line, 
mean value 
0.230 and 


the 


Table 


regression 


For the values 

22. 
The 

three 


values the resonance frequency, 


have been calculated for 


and are 


230 
120 1.00 
1.05 
1.20 
1.20 
1.35 
1.40 
1.50 
1.50 
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DIFFERENT RESONANCE FREQUENCIES FOR VISCOSE 
FIBERS CIRCULAR SECTION 


Reso- Reso- Reso- 

nance Band nance Band nance Band 
frequency width width 

7.8 8.3 12.8 

27.5 8.2 42.1 8.1 126.5 13.1 

7.3 7.5 13.8 

7.0 7.5 11.5 

27.0 7.0 41.8 7.8 132.1 11.4 

7.6 7.8 

13.7 

26.3 7.9 129.9 13.4 

7.4 7.9 14.6 

7.6 8.2 13.0 

27.0 7.0 43.2 127.9 12.1 

6.5 8.5 12.6 

7.6 13.9 

20.8 6.7 41.8 9.4 127.1 13.6 

12.9 

7.8 10.4 13.5 

8.2 10.6 132.8 14.6 

10.6 13.9 

Mean 

7.44 $2.35 8.67 129.4 13.16 


given Table with the confidence 

order determine the air damp- 
ing, circular viscose fibers smaller diameter, 
were used. (The production these 
fibers described Part order obtain 
the highest possible accuracy, the whole frequency- 
amplitude curve was determined. The measure- 
ments were performed three different resonance 
25, 40, and 130 the 
same fiber. The experiments were begun the 
lowest resonance frequency, after which the fiber 
length was decreased cutting down the free end 
until the next desired value the resonance 
frequency was obtained. 
quency curves were taken resonance 
frequency. fibers were examined, which means 
that frequency curves all were determined. 
measurements band width. the 
curved, usually does not vibrate one plane 
resonance, but turns its length axis, and too 
high values the band widths are obtained. 
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TABLE 
Source variance squares freedom squares 
Between frequencies 32624 
Between fibers 1933 
Interaction 
Within groups 
ex- 
perimental error 643 
Total 36445 53 
TABLE 
Reso- Degrees 
nance Mean 
frequency variance squares freedom squares 
26.8 Between groups 216.5 
Within groups 200 16.7 
Total 416.5 17 
Within frequencies 
42.4 Between groups 2961 
129.4 Within groups 18.5 
Total 3404 


fibers were therefore wetted 
loading with small weight (0.2 for min. 
They were then conditioned from the 

During the tests the amplitude was kept constant 
about four times the fiber This was 
the smallest possible amplitude that could used 
order keep the reading errors very 
large amplitudes (10 times the diameter) the 
band width increased about This increase 
may dependent upon increase internal 
damping. 

The results are given Table and 
shows typical amplitude-frequency diagrams. 

analysis variance* the data Table 
has been performed order calculate the con- 
fidence limits the mean values each frequency. 
The errors the determination the resonance 
frequency are small compared with the errors 
determination the band width, and they have 
been neglected simplify the calculations. The 
analysis variance given Appendix 


The results the analysis are given Tables and 


= 
| 
q . 
‘, 
| 
| 
| | 
| 
| 
| 
| 
| 
Je. 
| 
4 
| 
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Resonance Variance the 


TABLE DETERMINED VALUES THI 
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BAND 


Band width caused 


Variance 


Vo Avior AMtor Ay, Ap; (2 — 4) (3 + 5) 
26.8 7.44 0.40 0.02405 0.77 0.33 0.0254 6.67 0.57 0.0495 
42.4 8.67 0.90 0.1645 1.25 0.30 0.0206 7.42 0.96 0.1851 


13.16 0.90 0.1645 


Resonance 


3.95 0.22 


0.0112 9.21 0.93 0.1757 


Calculated value 
100 


frequency (according Stokes) 
100 - 100 
26.8 7.44 + 0.40 6.67 + 0.57 3.85 + 0.41 3.10 + 0.53 2.69 (9.05) 
2. 8.67 + 0.90 7.42 + 0.96 2.09 + 0.44 1.53 + 0.40 1.24 (6.04) 
129.4 13.2 9.21 0.93 0.52 0.07 


The experimentally determined results are sum- 
marized Table together with the confidence 
limits the mean values. 

That part the band width which produced 
internal damping was calculated the 
equation the regression line, 


0.0310» 0.06 (column Table V1). 


Further, these band widths were subtracted from 
the experimentally determined ones, 
differences, representing the influence air damp- 
ing only, are given column The variances 
these values were obtained adding the vari- 
100 and the experimentally determined quan- 
air damping the bending modulus. The 
values these quantities are given Table VII 
together with the values the band widths. The 
latter are denoted When internal damping 
not taken into account, and when 
correction has been made for internal damping. 
the values indicating the influence 
air damping were calculated with equation (10a) 
presumed valid instead equation (11). These 
values appear the last column Table VII 
within brackets. For reasons presented earlier, 
equation (11) corresponds more closely 
experimental conditions than equation The 
continuous curve Figure the 
theoretical influence air damping the bending 


tity 100 are both expressions for the influence 


0.25 0.05 0.20 (2.69) 


Influence 
air damping 


Frequency 


Fic. The curve represents the theoretical influence 
the air damping the resonance frequency 
function this frequency. The dots represent expert- 
mentally determined points. 


modulus calculated The dots repre- 
sent values 100 obtained from Table 

theoretical calculation air damping, the experi- 
mental agreement obtained must 
more than satisfactory. 


PART II: EXPERIMENTAL PROCEDURE 


deriving the equations Part the bending 
stiffness was assumed constant along the 
fiber. this assumption valid, the bending 
stiffness any reasonably straight fiber 
determined the resonance frequency method. 
numerical value the bending modulus, how- 
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The fiber clamp used for the investigation. 
A—Soft plate. C—Clamp, made 
Perspex. The screw made brass. 


ever, can obtained only the moment 
This the 
section the fiber must have simple geometric 


inertia known. means cross 


This limitation is, however, common all 
Model 
filaments viscose rayon are suitable, 


shape. 
methods measuring bending moduli. 


they can manufactured with almost perfectly 


having little crimp can also used. 

For calculation the bending the 
following quantities must determined: the 
resonance frequency, the length and radius (or 
semiaxis for elliptical cross section), and the density 


the fiber. 


Mounting the Fiber 


The stress bent fiber rigidly clamped one 
end with the other end free maximum the 


point where the fiber emerges from the clamp. 
The cross section, therefore, must not distorted 


Different types clamps and 
adhesives have been tried Figure shows the 
type clamp found most suitable for the experi- 
the fiber occurs. distortion obtained, how- 
ever, stainless steel used. can checked 
measuring the diameter the fiber under 
microscope two perpendicular directions the 
point where emerges from the clamp. 
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fiber length. The fiber length plotted against 
produce straight line which passes through the 
origin perfect mounting achieved. With the 
Perspex clamp, according Figure straight lines 


vy = resonance 


passing through the origin were obtained for all 
cases tested (see Figures 12, and 
But since 
the Perspex clamps are more convenient, 
were preferred this investigation. 


wax was also tried, with good results. 


Excitation the Fiber 


The A.C. voltage from frequency generator 
transformed into mechanical vibrations which are 
then used excite the fiber resonance. 

The following methods excitation have been 
tried: small rod aluminum was fastened 
the membrane headphone, that was 
perpendicular clamp with the fiber was 
screwed this rod, while the headphone was 
ments within the range the resonance frequencies 
the mechanical system could not obtained, 
however. 


(b) The frequency generator was con- 
nected loud-speaker. The vibrations the 
(Methods (a) and (b) have 
been used the same fiber; each case the 


were 
through the air. 


value the resonance frequency was 
(c) connecting electromagnetic pickup 
frequency magnetic 
field obtained which can employed means 


making the clamp vibrate. 


generator, 
This can done 
fastening thin plate soft iron the clamp. 
The fiber may made vibrate two perpendic- 
ular directions two iron plates are used, one 
being fastened the back and the other the side 
this 
technique the clamp and the pickup are never 


the clamp (see Figure Thus, with 


brought into should noticed that 
the pickup this case used generate vibrations. 

The vibrations the clamp have been analyzed 
With 
(c), pure sinusoidal vibrations without harmonics 
were This was 
methods (a) and (b) were this reason, 


with cathode-ray oscillograph. method 


obtained. when 
plus the fact that very convenient, method (c) 
was considered the best. 

The frequency range interest 
The following information will serve give the 


i 
Ay 
ee 
4 


4 
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reader idea the order magnitude the 
various factors question: circular viscose fiber, 
diameter has resonance frequency about 

The Philips magnetic pickup type 5527 and 
the frequency generator type were used 
for this investigation. The frequency generator 
was calibrated before each series experiments 
against General Radio frequency standard (Type 
1105-A) the Research Laboratory Electronics 
effect increased the accuracy the results. 

The reading error was approximately 
larger scale having longer dial indicator was made 
for the measurement band widths. this way 
the reading error was reduced 

The free end the fiber was observed through 
microscope low magnification (2.5 The 
microscope was equipped with scale 
which facilitated the measurement resonance 
frequencies and made the measurement band 
widths possible. Figure shows photograph 
the apparatus, and Figure illustrates 
sential parts. The microscope mounted that 
can moved three directions means 
adjustment screws. 


Determination Fiber Length 
and Fiber Diameter 


The fiber held vertically during the determina- 
tion the resonance frequency (see Figures and 
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7a. The apparatus for 
measuring the bending modulus 
single fibers. 


Principal parts the apparatus shown 
electromagnetic vibration pickup; Perspex 
clamp with fiber. 


length the fiber measured moving 
the microscope vertically, starting from the point 
where the fiber emerges from the clamp, until the 
free end the fiber coincides with index the 
ocular scale. The fiber kept vertical during this 
measurement means small tong-shaped 
clamp (weight 0.2 g.). The lower end the fiber 
protrudes from this small clamp (see Figure 8). 
The vertical movement the microscope can 
measured with accuracy 0.005 
plotting the fiber length against the devia- 
tions from straight lines obtained can used 
controlling the accuracy the measurements 
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Arrangement for measurement fiber length. 


' 
Fibre length 
cm. 
Fundamental 
First narmonic 


014 018 0.22 


for circular viscose fiber. 


fiber length. Figure illustrates this, and shows 
that the measuring accuracy satisfactory. 

special device was constructed for determina- 
tion the cross section the fiber (see Figure 10). 
The clamp, holding the fiber, was fastened 
rotatory axis, and the free end the fiber was 
threaded through hole. The fiber could thus 
rotated while being viewed under microscope and 
the 


with circular cross sections 


diameter measured with scale. 
were measured ten points along their longi- 
tudinal axis, after which the fibers were rotated 
90° and the 


fication was used.) 


(Magni- 


device for the measurement 


fiber cross section. 


Determination the Bending Modulus Steel 

and Some Textile Fibers 

the vibration experiments the stress 
portional the amplitude and varies along the 
fiber length. The largest stress obtained the 
point where the fiber emerges from the clamp. 

not too large amplitudes, the stresses are 
times the fiber diameter. 
total load about 0.06 


The resonance 


This corresponds 


the fundamental 
mode vibration, sometimes the first harmonic, 
was used the calculation the bending modulus. 
The first harmonic and the fundamental gave the 
same value the bending modulus 
Table that the 


modulus independent the frequency above 


means 


When human hair was used, the agree- 
ment was not good, probably due the ir- 
regularity its shape. 


Comparison the Results Obtained Bending 
and Stretching Experiments the Same 
Steel Filaments 


order verify equation (16) (Part experi- 
mentally, thin filaments steel were 
elastic properties steel should independent 
time factors, since steel behaves 
Dynamic and 
static methods, therefore, should produce the same 
results. 


elastic body below the yield point. 


Further, bending experi- 
ments should also give the same value the 
Young's modulus. The latter can determined 
very accurately static stretching methods, and 
this value can used standard comparison 
for the dynamic bending experiments. 


conventional extensometer was used the 


stretching experiments, and the bending experi- 
ments were performed with the method described 
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above. Values Young’s modulus obtained 
bending were 15% higher than those obtained 
stretching. 

This probably due the outer part the 
steel filaments having larger modulus elasticity 
than the inner parts, which condition brought 
about the manufacturing the filaments. 
order minimize this condition, piece the steel 
filament was heated 600°C for several hours, 
and then allowed cool slowly over period 
the filament was mechanically condi- 
loaded and unloaded with small loads 
until constant value the modulus elasticity 
this manner 
(see Figure 11). 


was obtained 


The bending modulus was determined with the 
same piece filament that was used for the 
stretching experiments. resonance frequencies 
the fundamental two mutually perpendicular 
directions were 109.7 and 110.2, respectively, for 
fiber length 2.577 and diameter (the 
band width was less than 
determined was values when inserted 
Thus, values about higher are 
obtained with the bending experiments. 


The density 


This 
The 
agreement, however, must considered 
factory. 


still higher than the experimental 


The steel filaments used contained chro- 
mium, nickel, and carbon. 


The Accuracy the Method 


The accuracy the method determined for 
the most part the properties the fibers in- 
the approximations 
which must made regarding the shape the 
cross section, together with the fact that the cross 
section very often varies along the the 
behavior the material conforms exactly with the 
assumptions made, the method extremely 
accurate. 

The circular viscose fibers show the best agree- 
ment with the assumptions made, seen from the 
very low dispersion the points Figure 

Some examples the applicability the method 
are given below. All measurements were made 
R.H. (conditioned from the dry state) and 
20°C, 


are 


1s 


ae 


Elongation mm | 


i i 1 

Curve represents the first loading. Curves and 


represent the third and fourth loadings. 


Fibre length 


26 
| cm 


| 
| 


1864 


| pul 


002 0.04 0.06 008 


for nylon fiber. 


Fic. 12. 


T 
Fibre length 


em. 


First narmonic Fundamental 


Fic. 13. 
human hair. 
pendicular directions vibration. 


006 010 


The fiber length function for 
and and and represent two per- 
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Nylon Fibers 


Cold-drawn nylon filaments with diameter 
45u were used. Figure shows the fiber length 
plotted against for one fiber. With the help 
equation (16) the bending modulus was calcu- 
lated from the mean value the resonance fre- 
quencies the first harmonic measured 
perpendicular directions. The mean value the 
bending modulus three fibers was 4.04 
(The range the difference between the highest 
and lowest values obtained.) The low dispersion 
the was due the regularity and 
formity tHe cross section the fibers along their 
length. 

Human Hair 


Nonmedullated, blond hairs 4-year-old child 
were used. The axes the elliptical cross section 
were measured with the arrangement described 
previously. The ratio between the major and 
minor axes varied between for different 
hairs. Figure the fiber length 
against for the fundamental and 
monic. The fiber was caused vibrate 
perpendicular directions, producing two different 
values the resonance frequency. 
between these values equal the ratio between 
the axes the ellipse. 

The clamp with the fiber was rotated about the 
longitudinal axis the fiber, and the resonance 
frequency was measured for each rotation 30°. 
Only two values the resonance frequency were 
obtained, representing vibrations around the prin- 
cipal axis inertia. 

Due the irregular shape the hair, the 
dispersion the bending moduli values rather 
high. The mean value the bending modulus 
obtained from the fundamental mode vibration 


Wool Fibers 


Wool fibers are generally unsuitable for vibration 
experiments because their crimp and the spiraling 
the plane containing the major axis along the 
fiber, which often exists. 

Some experiments, however, have been made 
coarse, straight Lincoln wool not having medulla 
length against straight lines through the 
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origin were obtained with these fibers, also. 
mean value the bending modulus obtained for 
three fibers was 6.16 10" dynes with 
range 0.70 Again the funda- 
mental mode vibration was used. 


PART III: COMPARISON VALUES 
MODULUS VISCOSE 
RAYON OBTAINED BENDING 

AND STRETCHING 


Circular viscose fibers were manufactured accord- 
ing the method recommended Hermans 
The viscose was first spun bath containing only 
ammonium sulfate (sp. gr. desired, the 
fibers may stretched the xanthate state, and 
then the cellulose regenerated 
free sulfur formed solved the usual 
manner, and the fibers are washed and dried. 

The thick fibers that were used 
determine internal damping were spun through 
glass capillaries, using the method 
Hermans. finer fibers were made 
laboratory purpose was used, the fibers being spun 
through spinneret having holes.* Figure 
are shown photomicrographs cross sections 


these fibers. The fibers are almost perfectly cir- 


*The authors are indebted 
Boras, Sweden, and the head their laboratory, Mr. 
Térnkvist, for the manufacturing these fibers 


Photomicrographs the cross sections viscose 
(diameter about 


AE 
\ 


Resonance 
frequency 
Resonance 
frequency (funda- 
mental 
(funda- perpendicular 
direction) 


Resonance 
frequency 
Band 
width (first 


65.5 390 
18.6 10 307 
39.7 39. 258 
58.5 360 
324 


Fiber 


Mean value 


This with 


cular. the results obtained 
from diameter 
frequencies two perpendicular directions. 
moduli five fibers were determined 
bending with the method described above. The 
moduli determined stretching were then meas- 
ured the same fibers using dynamic method. 
The fibers were thereby subjected longitudinal 
vibrations. The latter experiments 
formed cooperation with Dr. Andersen 
Danish Institute for Textile Research 
hagen, Denmark, using the apparatus constructed 
All measurements were performed 
(conditioned from the wet state) and 


Measurement Young’s Modulus Bending 


The fibers were extracted with and ether, 
steeped water relax any stresses that may 
have developed the manufacture the fibers, 
and then conditioned relative humidity and 
20°C. The resonance frequency was measured 
perpendicular directions, the fundamental 
mode vibration being determined ten times 
direction. 
fewer measurements were 


each 


measured, but made. 
The diameter was measured air the method 
Part was sometimes difficult 
focus the two edges the fibers simultane- 
the measurements were made 
two magnifications ten points along the fiber. 
the fibers were almost circular, the difference 
between the resonance frequencies 
pendicular directions was less than the error ob- 
tained measuring the mean value 
the resonance frequencies the two directions 


and the mean value the diameters the same 


length 
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TABLE THE ELASTICITY BENDING FOR VISCOSE FIBERS 


Modulus elasticity 
Fiber 

diameter 
40.6 
40.2 
40.9 
41.5 
40.6 


40.8 


Fiber 
(from funda- 


1.08 
1.03 
1.01 
1.10 
1.06 


10"! 


(from first 
harmonic) 


1.05 
1.02 
1.05 
1.07 
1.05 


1.05 


(cm.) 


~! 
~ 


(Determination 
resonance frequency two perpendicular directions 
much more sensitive measure deviation from 
circularity than direct measurement diameter.) 
The results are given Table The modulus 
elasticity was calculated from equation (16), 
Part 1.53 was 
used. 


directions were therefore used. 


(The value the density 


The mean variance value, the frequencies, 
all determinations the fundamental (but 
the error 

1.98 0.297 
ten 


thus measure 
The confidence limits 


are 


Measurement Young’s Modulus Stretching 


The Asmussen and 
Andersen for measurement the elastic properties 


apparatus 
fibers can used both static and dynamic 
experiments. this case the dynamic method 
The fiber subjected free, damped, 
longitudinal vibrations that are recorded 
photographic film with the aid 


apparatus. 


interest. 


The dynamic stiffness the fiber, 
can calculated following equation 
(Asmussen and Andersen, 13): 


where time vibration for with fiber, 
mass, and stiffness the free system 
(without and are obtained from the 


following relationships: 
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) 


Stiffness 
S 10-4 


82.9 
96.6 
102.0 
107.3 
102.4 
100.7 
90.6 
59.9 


Stiffness 
X 


34.3 
78.5 
105.8 
108.7 
107.1 
102.0 
92.5 


Load 
mA* 


5.0 
10.1 
15.0 
20.0 
25.1 
20.0 
15.1 
10.1 

5.0 


Load 
mA* 


Load 


5.0 
10.0 
15.1 
20.0 
25.1 
20.0 
15.1 
10.1 

5.0 


5.0 
10.0 
15.0 
20.5 


61.7 
89.2 
101.3 
108.0 
109.0 


5.0 
10.0 
15.0 
20.0 
25.0 


53.5 
87.6 
97.9 
107.6 
108.0 


5.0 
10.1 
15.0 
20.0 
25.1 


Stiffness 
sx 32 


45.0 
78.4 
94.7 
104.3 


Stiffness 
41.1 
80.2 
98.0 
110.6 
115.2 
112.2 
107.3 
929 
58.6 


(dynes;cm.) 


Load 


Load 


mA* 


5.0 
10.0 
15,2 
20.2 
25.4 
20.2 
15.2 
10.0 

5.0 


5.0 
10.0 
14.7 
20.2 
20.2 
15.2 
10.0 

5.0 


48.4 
79.3 
99.8 
102.2 
106.4 


5.0 
10.0 
15.2 
20.2 
25.1 


54.9 
89.3 
108.2 
110.9 
121.0 


5.0 
10.0 
20.2 


1.072 cm. 
6.87 
8.72 


1.121 cm. 
6.91 


8.73 


1.138 
6.83 


1.138 
6.88 

8.80 10° 


6.73 
= 8.67 < 104 


where time vibration the free system and 
time vibration the free svstem loaded 
with the mass 

The fiber, however, must have certain degree 
static stress before can given impulse 
that will cause vibrate 
this not done the fiber will slacken during parts 
the vibration and the state the system 
then undefined. 


Stiltness 


4 
Fic. 15. 


fibers function the load. 


Stiffness 

-4 
| 

§ 10 


Thus, necessary maintain larger stresses 
the fiber for stretching measurements than for 
bending measurements. 

the stretching experiments the was first 
loaded stepwise, then unloaded, and loaded 
After the 


consolidated value the stress was obtained, after 


each loading unloading 


which the system was made vibrate means 


moves with constant known velocity, the 
time vibration, can from the 


Stil fness Fibre 2 


Sx1074 


100 


mA 


Load mA 
4 


20 25 


Fibre 3 


T 
Stittness 


Fibre 4 


Load ma | 
4 
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45.5 
94.0 
104.3 
101.7 
95.7 
85.0 
59.3 
5.0 56.7 
15.1 96.5 : 
20.0 
Io = T ” 
Fibre 
| 
¢ | | 
100 = 100+ 100 4 
4 4 4 4 J A 4 
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TABLE BENDING AND STRETCHING THE SAME VISCOSE FIBERS 


Frequency at: 


1.03 0.30 0.69 0.85 
1.01 0.39 0.68 0.82 


1.10 0.35 0.69 0.84 
1.06 0.39 0.64 0.82 


a = 


Mean value 


1.06 0.05 


0.37 0.06 0.68 0.03 0.83 0.02 


recorded vibrations. The vibration times, and Discussion 


for the free system without fiber, unloaded and 
loaded with the mass were recorded the 
same film after the loading cycles were completed 
the fiber. For control two different masses 
were used. Table gives the values the 
dynamic stiffness for different tensile forces. The 
time vibration, determined, the mean value 
least three impulses. The stiffness increases 
with increasing tensile stress the fiber, and 
(Figure 15). 

The modulus elasticity obtained from the 
means the following equation: 
where and are the length and the 
cross section the fiber, values 
the stiffness, are thus only comparable for the 
same fiber length and cross section. 

The values the modulus elasticity, 
calculated from the first loading cycle are listed 
Table together with the bending modulus, 
from Table 

can seen from Table the modulus 
elasticity bending higher than 
stretching. the bending experiments the fibers 
were loaded with less than 0.1 For reasons 
stretching experiments with 
for loads 0.27 mA) the stresses may 
have been released the longitudinal vibrations. 
The comparison therefore made with the values 
obtained for tensile force 0.53 which shows 

should pointed out, however, that com- 
parison using the modulus for 
lower value the tensile stress will indicate 
even higher ratio the modulus bending 
that stretching. The experiments 
formed about the same frequency. 


The higher values obtained for the bending 
modulus may explained the tollowing ways: 
the stretching experiments mean value the 
elastic properties obtained throughout the cross 
section the fiber. The bending experiments, 
however, give mean values, where the outer parts 
the fibers play more important role than the 
inner parts. According this explanation, the 
outer parts the viscose fibers investigated have 
higher modulus elasticity than the inner parts. 
This condition rather usual for materials other 
than textile fibers (e.g., the experiments with the 
steel filaments Part 

bent fiber, however, subjected both 
tensile and compressive forces. The modulus 
elasticity may have different values the com- 
pression and elongation sides the stress-strain 
diagram. the stresses are small, this explana- 
tion seems less probable. 

Meredith [13] stated that the 
Khayatt and Chamberlain however, obtained 
lower values the modulus bending than 
stretching wool and hair using the method 
mentioned the Introduction. 

The distribution the inherent fiber properties 
throughout the cross section may widely 
along the fiber, causing variation the relation- 
ship between the modulus elasticity bending 
and tension. This may especially the case 
with natural fibers. However, the values the 
bending modulus the viscose fibers used for this 
investigation show very low 
thus reasonable assume that the distribution 
the elastic properties throughout the cross section 
rather constant along the fiber for these fibers. 

For these reasons seems that the first ex- 
planation the most probable. 
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Appendix 


follows: 


From Courant 513) the following equa- 
tions are obtained: 


function the “exciting 


resonance 


combining these two equations: 


The band width, Av, defined the difference 
between those frequencies, whose amplitudes are 

times the maximum amplitude. 


Denoting 
these frequencies with and we, then, 


O(Wres) V2 


Inserting this into the above equations gives 


mNm 


Wres 
This assumes that and are symmetric about 


the resonance frequency, which only valid 


small values Consequently, 


W + poe > 
mNm 


mNm 


| 
use the expression 
We) 
obtain 
mNm 
But 
Wo, 
where the natural frequency tree 
values 
which gives 
r 
r 


Appendix 


The interaction highly significant. mean 
square values between frequencies and between 
fibers are compared with the interaction, and the 
first these mean square values highly 
cant (at the level) while the other not. 

Because the significant interaction, only two 
sources variance are be- 
The 
latter variance can divided into between groups 
and within groups for the whole table. 

variance groups significantly 
greater the frequencies 42.4 and 129.4 than 
the frequency 26.8. 
treated 
Table Vv. 

The limits the mean values the 
six fibers each frequency have been calculated 
from the between groups mean squares. 

The variance the mean 7.44 the 


tween frequencies and frequencies. 


shows, 
between 


The last group 


separately. The analysis 


43.3 
The confidence limits are then 2.57 0.0245 


For the other two the 
limits 0.90 are obtained. 
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Summary 


The fundamental equations for the determina- 
tion the bending modulus using the resonance 
frequency method are treated Part 
influence the air damping the resonance fre- 
quency has been calculated with help equations 
deduced Stokes. The calculations have been 
experimentally verified for circular viscose fibers 
different diameters the measurement band 
widths. The influence the air damping de- 
creases with increasing fiber diameter and increasing 
resonance frequency. For viscose fibers 
and resonance frequency 100 


experimental procedure ways 


clamping and exciting the fiber are discussed. 


stretching have been determined for steel filaments. 
The bending moduli for nylon fibers, human hair, 
and coarse wool fibers are given. 

comparison between modulus 
mined bending and stretching has been made 
methods have been used for both bending and 


The 


The value the modulus bending 


Part 
least 1.5 times higher than the modulus 


stretching. ‘The reason for this discussed. 
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Relationship Between Various Surface Properties 
Wool Fibers 


Part II: Frictional Properties* 


Joel 


Institute for Applied Textile Research, Gothenburg, Sweden 


Abstract 


Wool fibers were treated with alcoholic potash for different periods time. 


anti-scale 


and coefficients friction were measured means moditied tiber twist friction 
meter. The with-scale friction increases with time treatment, and this explained terms 


chemical modification the epicuticle. 


close relationship between friction and 


breaking strength top and between friction and felting rate. 


Introduction 


has been shown that wool fibers and other 
animal fibers have the lowest friction all types 
fibers [7, 14, 25], and Lindberg and Gralén have 
suggested that this low value might associated 
with the chemical inertness the epicuticle [16 
wool fibers are treated with various agents for 
making them nonfelting, found that general 
the with-scale coefficient friction increases with 
the severeness the treatment Mercer and 
[20] remarked that the decreased felting 
power alcoholic potash-treated wool might 
explained assuming increase surface fric- 
tion. was later confirmed Mercer 
and Lindberg and Gralén [15, Their results 
show that both the with-scale and the anti-scale 
coefficients friction increase upon treatment, and 
constant difference between the two coefficients 
maintained. Since the difference depends upon 
the average scale resistance and this 
fected the treatment, the explanation the in- 
crease friction must found surface modifi- 
cation. order obtain further confirmation 
properties with other physicochemical properties, 
frictional measurements were carried out samples 
pretreated according Part 

Part appeared the February, 1953, issue 
RESEARCH JOURNAL. Parts I-IV constitute thesis for the 
degree Doctor Technology, Chalmers 
Technology. 

Director Research. 


Apparatus 


Various methods for measuring friction between 
single fibers have been 
11, 21]. 
Lindberg and Gralén has proved 
factory wool 


The fiber twist method developed 


Two fibers are twisted around each other cer- 
tain number While the fibers are 
kept under tension, one them pulled through 
the twist, which then distorted according 
The force necessary cause slippage 


the twist friction 
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tional force, the normal load between the 
fibers, and the coefficient friction, the follow- 
ing equation can derived 


where and are the loads applied the ends 
one fiber, the number turns, the fiber 
radius, and the length the twist 

has been shown, however, that first 
law not valid for fiber friction [22 and therefore 
the relation between the frictional force and the load 
has been derived different The frictional 
force, might given 


F = P, wack P,. (2) 


The normal load between the fibers over length 


110 mm. 
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the twist the are and the axial load 


(3) 

(4) 
2 

(5) 


are both functions which the axial 
coordinate the now assumed that the 
ratio approximately constant along the 
twist (Figure 2)—that is, 


constant. 


The value may obtained from the con- 


and number turns Integrating gives 


(6) 


meter. 
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and 


(7) 


equations (1) and (7) are compared, seen 
that 
May In (P» P,) 


Mi P,) + P,) (8) 


= 2 


Hence, the two equations, which are derived from 
different assumptions, give approximately the same 
value 

general, there difference between static 
and kinetic friction. the kinetic frictional 
force, and the static frictional are known, 
the relative difference between and can 
expressed where 


The fiber twist friction meter described earlier 
was modified and improved The new model 
was equipped with four wheels mounted sapphire 
bearings frame, shown Figure The 
wheels can arrested small pins put into any 
the four drilled holes each wheel. 

The frame placed the cross-head the 
Instron Tensile Tester. The fibers are mounted 
the apparatus gluing the fiber ends the wheels, 
wax beeswax and colophonium). The 
fibers are loaded means weights, shown 
One the upper wheels connected 
the load cell the Instron way spiral spring. 


TO LOAD CELL 


SPRING 


Schematic drawing the friction meter. 


One fiber runs from the upper wheel the lower 
left wheel. lower left wheel arrested the 
upper right wheel attached the load cell, and 
vice versa. The distance between the wheels can 
altered both horizontal and vertical direction 
make the twist angle less than 5°. 

After the fibers are mounted and three the 
wheels are released, the whole frame moved down- 
wards constant speed. The load, the 
fiber end attached the load cell then gradually 
increases. ‘The load the other end, remains 
constant the value given the the 
fibers are elongated, they are wound the wheels, 
and the geometrical dimensions the fiber arrange- 
value the frictional force, and 
the fiber slips through the According 
Gralén and Olofsson [9] 


(11) 


The stick-slip curve drawn the recorder the 
Instron, and typical example such curve 
given Figure 


Theory Friction 


first law states that 
force proportional the For materials like 
metals and minerals this law valid. 
For fibrous material, however, several authors have 
found considerable deviations from this law 


MOVEMENT 


LOAD 


Stick-slip curve. 
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Gralén and Olotsson for example, give the rela- 
tion between frictional force and normal load 


where the frictional force, the load, 
and are constants, and factor related the 
area contact. This empirical relation was also 
found give satisfactory description the 
results obtained with the fiber twist method the 
length the twist, substituted for the above 
equation [14 

Following the theory Bowden and his collabo- 
rators [4] that the frictional force proportional 
the true area contact between 
Gralén al. derived theoretical relationship 
between frictional force and normal load for the 
case two parallel cylinders. Using well- 
known formula for elastic deformation two 
ders and introducing limiting value for the maxi- 
mum pressure, that the material can withstand 
without plastic deformation, they have, using 
certain assumptions, derived the following equation: 


where the modulus elasticity. constant 
true area contact. The functions ¢,(s, and 
Pm, have constant values for each particular 
type fiber. Thus, equation (13) can reduced 


where and are constants. This formula has 
proved give good description data obtained 
from measurements the fiber twist method 
synthetic fibers like and nylon. 


Experimental 

The anti-scale and the with-scale coefficients 
friction for different pairs fibers were measured 
One fiber was mounted with the 
up, and the other with the root end down. 
switching over the weights and the spring attach- 
ment, the anti-scale and the with-scale friction 
could measured the same part the fibers 
without removing them. After the measurements 
air, the whole frame was immersed the buffer 
solution, and after min. the friction water was 
determined. The weights were also 
and correction was made for the 
The number turns the twist was Five 


TABLE 


Treatment 


Untreated 


extracted 


Ether- and 
alcohol- 
extracted 


Alcoholic 
potash 


(15 sec.) 


Alcoholic 
potash 
min.) 


Alcoholic 
potash 
(15 min.) 
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Mek 


.226 


116 


.220 


.229 
.176 
.233 


.330 
316 
.282 


Mik K, 
100 
115 .O8 
091 12 
086 
O91 
106.05 
O85 .07 
106 
180.03 


.20 


06 


Mek 


300 
305 
304 


333 
.296 


429 
334 
329 
368 


426 
473 
423 
470 
426 


483 
.542 


.550 
538 
541 


Mik 


133 


153 


147 


138 


147 
175 


176 
158 


.218 
.226 
.269 


we 


09 


Soa 


Buffer solution 


ae 
192 .26 .26 
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Air-dry 


Untreated - 000726 112 000036 099 000639 
Ether- and alcohol-extracted .129 .000837 


Buffer solutions 


Ether- and alcohol-extracted 360 .000395 


different values were used each fiber written 

order determine the influence normal load (15) 
0.5, 1.0, 1.5, 2.0, and The 
spring had spring constant and the 
downward rate the frame was 0.2 


there are fiber pairs the sample, and 
and are the ith values the value 
number fibers were drawn random which adjusted might preferably 
each the pretreated samples. fibers were 
first loaded with order eliminate weak 


fibers and thus prevent breakages meas- 


urements. Unfortunately, this procedure intro- (16) 
duces bias the sampling, but this could not 
avoided with the present experimental and are means measurements different 
The diameter each fiber was measured air weights, the same fiber 
using the vibrascope method The diameter The value for each fiber pair deter- 
mined only range values for each fiber 
pair measured. This range obtained chang- 
ing the weight The value is, course, 
constant for each fiber pair. The value for 
all measurements was found close 0.50, and 


the buffer solution was corrected for the trans- 
versal swelling. Fibers with equal diameters were 
paired together and mounted the apparatus. 
the stick-slip curves the median nine 
values for and the median nine values for 


were taken. When there were stick-slips for each fiber pair was deter- 


mined the method least squares. Hence, the 
adjusted value based five measurements 
each fiber pair. values are given Table 
different weights. was found that the data ob- together with the values the relative differ- 
tained from these measurements could ence between static Each 


curve, the median nine equidistant points was 
taken. For each fiber pair five mean values 
and five were obtained corresponding the 


well equation (14), and therefore all calculations value the mean five measurements each 

are based that equation. fiber pair. The table based about 10,000 
The frictional properties may characterized and F,. Where there are figures 

the coefficient friction, F/W. From equa- for the table, 0.01. 

tion (14), however, seen that the coefficient Table the sample means the values 

friction function and and therefore Table are given together with values the 

different samples fibers can compared only square for the within-sample variation. 

the values the coefficient are adjusted common The value the anti-scale frictional force can 

values these parameters. Equation (14) can composed the value the with-scale 
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frictional force plus term for the effect the 
scales [14]. Therefore, want interpret the 
friction terms surface properties, the with-scale 
anti-scale and friction, the other hand, 
estimate the mechanical resistance the 
scales, and can taken indication scale 
modification [15]. Judging from the values 
both dry and wet, evident that the extrac- 
tions had little influence the frictional properties. 
The values for the untreated sample the 
buffer solution is, however, significantly lower than 
for the ether-extracted and ether- and alcohol- 
extracted samples. 

The friction both the dry and the wet state 
increases with alcoholic potash treatments. The 
treatment alcoholic potash Figure The 
value the ether- and sample 
taken the zero value. obvious from the 
curve that there almost instantaneous reaction 
between the surface layer and the alcoholic potash. 

From the values Table seen that 
the variation between fibers for the 15-sec. sample 
significantly greater than for the 
ments. This means that the treatment not 
form, and that the frictional values for the fibers 
which have received milder treatment 
tend lower the mean value. 

The values discussed far are kinetic values. 
assumed that the normal load the same for 
both and F,, the static values, can cal- 
culated from and 


The results are given 


AIR ORY 


5 1G 1§ 
TIME OF TREATMENT (MIN) 


for different periods time with alcoholic potash. 
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the values for given Table are 
studied, seen that there tendency for this 
value increase with the alcoholic potash treat- 
ment, least the wet state. difficult 
give explanation for this increase, and further 
experiments must made verify this behavior. 
The absence decrease, however, further con- 
firms the conclusion drawn Part these 
treatments are confined thin surface layer. 

wool sample progressively treated with 
alcoholic potash, the handle becomes more and more 
scroopy 


scroopy handle silk and some types rayon and 


has been suggested 


synthetic fibers due difference between static 
Table seen that there similar relation 
between this difference handle wool. 
The harshness can, course, also attributed 
the high values the friction, which 
already has been pointed out Mercer and 
Makinson [21 

The variation friction between different fibers 
rather great, which means that large number 
fibers must measured order get accurate 
estimate the sample mean. ‘Therefore, method 
for estimating fiber friction which would give the 
mean several fibers directly should value. 

the only relevant property changed treat- 
ment friction (friction here taken the friction 
the fiber surface and does not include any effect 
the scale edges) and the same type material 
used for the various treatments, some mechanical 
properties fiber mass might taken 


The material 


estimate the frictional properties. 


AIR DRY 
a 
020 

TIME OF TREATMENT (MIND 

Static coefficient friction fibers treated for 


different periods time with alcoholic potash. 


PHE 
030 
2 
010} 
| 


Alcoholic potash 
Sample No. Untreated min. 


.39 3.44 6.63 3.09 
3.67 3.90 4.15 
4.40 6.30 5.14 
60 6.23 4.89 6.00 
4.02 5.44 
5.44 3.54 5.82 
4.16 4.70 

3.03 3.69 3.40 4.92 

2.96 3.89 7.21 4.07 
3.54 3.88 6.31 4.64 


Mean value 2.66 4.16 5.04 4.80 


used here was top. The breaking strength the 
top mechanical property related friction. 
also determines the mobility fibers dur- 
ing felting, all other properties being constant, and 
therefore the felting top can used estimate 
how frictional properties are influenced various 
treatments. 


Breaking Strength Top 


means the Instron Tensile Tester 
possible determine curve for top 
and other untwisted fiber strands. Figure 
typical load-elongation curve for top The 
sample length greater than the maximum fiber 
length. The maximum force breaking 
strength the this point the fibers start 
slip apart, and therefore the maximum force 
measure the frictional force keeping the strand 
all properties the fibers except sur- 
face properties are kept constant, frictional 
force might used estimate the coefficient 
friction. 


INGATION 


curve for top. 
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Ten pieces the top from each the 
following pretreated lots were taken: untreated; 
alcoholic potash, sec., min., and min. The 
strength each piece was measured the 
Instron R.H. gage length was 
and the rate elongation pieces 
were weighed afterwards, and the breaking strength 
corrected for difference weight per unit 
The results are given Table The standard 
error the difference between any two treatment 


means the means the breaking strength 


from 


+ 
are plotted against 


Table good linear relationship between these 
two variables obtained (Figure experi- 
ments thus confirm the reliability the direct 
tional measurements. 


Felting Top 


The difference between anti-scale and with-scale 
friction now widely considered the primary 
cause felting wool fibers. are also 
might influence the 
degree felting [1, the present experi- 
ments these secondary factors were assumed 
unchanged the different pretreatments the 
samples (see Part 1), and thus frictional properties 
alone are considered here relation felting. The 
direct frictional measurements showed 
with potash. increase, however, 
sampling. 


STH OF TOP (kG) 
w 
o 


STREN 
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Relationship between breaking strength top 
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numerical values all relevant fiber properties 
were known, might possible calculate the 
redistribution fibers, which takes part felting, 
attempt has been made far, but many 
authors have tried find empirical relationship 
between friction and felting [13, 18, 
these empirical relationships, however, were found 
correlate with felting data, probably because they 
all contain the difference which subject 
great experimental error. The 
therefore attacked another way. ‘The difference 
felting, was assumed constant for all samples. 
The energy, required move the fibers certain 
distances relative each other during the redistri- 
bution function the average coefficient 


where the total distance all fibers have moved, 
and the average load each fiber (it should 
remembered that for long fibers different parts 
might move rather independent each other). 
Thus, 


felting expressed means volume change 
the material, the following equation for the felting 
rate might suggested: 


(19 

rate constant. Creely and Compte [6] found, 

for instance, measuring the felting that 
the rate felting could expressed 


where the length the yarn. 

the energy transferred the material 
linear function time, could substituted 
and 1/W proportional the following 
relation obtained: 


Mik 


(20) 


where another constant. 
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Since the experimental material was the form 
top, was convenient use method for top 
felting. Such method has been 
Bogaty samples are sewn bags 
cheesecloth and secured the bag two rows 
stitches cm. apart. The samples are soaked 
the liquid used for felting. After squeezing 
hand, the sample length measured. The 
sample suspended vertically and loaded the 
bottom with 300 and the length measured 
ples were put into tumble jar having volume 
The jar made revolutions per minute. 
The tumble jar contained buffer solution. 
The tumble jar was equipped with counter, and 
after tumbling for number revolutions the 
samples were removed and squeezed, their 
lengths were measured. samples were then 
put back into the jar, and the tumbling was con- 
tinued. The felting was made room tempera- 
where the initial and the length revolu- 
tions. 

With this experimental arrangement, one might 
suspect that there are differences between different 
runs due different positions the samples the 
jar. was therefore desirable include one 
sample from each run. The num- 
ber pretreatments investigated were six, 
but samples were regarded too heavy load 
the tumble jar, and therefore two experiments 
were made. The untreated sample and the sam- 
ples treated with alcoholic potash were included 
the first experiment. Four runs were made, and all 
four pretreatments were represented each run. 
The felting liquid was the same the buffer solu- 
tion used for the frictional measurements. 
samples were measured after 200, 400, 600, 800, 
1,000, 1,200, and 1,400 revolutions. samples 
were then run until there was further decrease 
length, which took about 30,000 revolutions. The 
values the top shrinkage are given Table IV. 

obvious from the table that there are large 
differences felting rates between the different 
treatments. find out the anticipated differ- 
ence between different runs was significant and 
isolate the experimental error, analysis vari- 
ance the data from Table was made (Table 
V). The values 30,000 revolutions were ex- 
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Number revolutions 


Treatment Run 200 400 600 800 1,000 1,200 30,000 


Untreated 29.0 40.2 43.2 


Mean values 28.6 


potash (15 13. 21.0 
18.7 
18.8 


Mean values 


19.8 
16.8 
14.8 


Iw tw 


Mean values 


23.0 
20.0 
20.0 


te tw 


ww 


Mean values 13.6 21.9 24.9 


wn 


cluded from this experimental design 


are compared against the within-top-sample error 


sample likely smaller than the top the method measuring the top length 


runs are not 
characteristic for the split-plot design. only 


significant 0.95, but the precaution taken 
one treatment can made each sample, the these differences has nevertheless 
sampling error (error must used estimate the error mean square. carrying the 
differences between be- further and calculating the mean square for 


tween number revolutions and the interactions treatment effects for each value found 


that the greatest differences between 
Data experiments the top shrinkages are determined only 
Degrees Sum 1,000. 
Source squaret error and based the grand mean for 1,000 


Between treatments 3012.52 


124.28 less then the value reported Bogaty al. 
114.64 12.74 [2], and shows that the method can 
Between number detect small differences felting properties wool 
fibers. separate analysis shows that there are 
99.16 1.38 significant differences between the equilibrium 

this and subsequent tables the asterisks **, and *** 


are used indicate statistical significance the 95%, 99%, the length the top sample, substituted 


and 99.9% levels, respectively. for equation (19), the following equation 


on ict 
233 
55.5 
60.8 
; 20.0 33.1 $5.3 37.7 63.0 | 
25.3 27.5 32.0 58.0 
20.0 28.0 31.5 58.7 
29.0 34.3 38.2 57.2 
25.2 30.0 33.5 56.0 
) 31 2 53.0 
20.8 56.1 
27.0 
fect? 
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The logarithm top shrinkage plotted against 


number revolutions. 


might used describe the top felting: 


where the length the top revolutions, 
the length the top equilibrium, and the 


rate and introducing the 


log —().4343-Cn, (22 
log for the treatment means Table 


are plotted against (Figure 10), practically 
straight lines are obtained, except for the untreated 
sample, which shows The 
values are calculated the method least 
squares and are given Table 

The validity equation (20) tested plotting 
seen that good linear relationship obtained. 

equation (20) valid, obvious that the 
felting rate more accurate estimate the with- 
scale friction than direct frictional measurements. 
This statement is, course, subject the limita- 


Treatments 


Untreated 10.6 
Alcoholic potash (15 sec.) 7.3 
Alcoholic potash min.) 6.5 
Alcoholic potash (15 min.) 5.6 
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RATE OF FELTING 


between felting rate, and 
(Mek + Mik). 


tions mentioned above. The work 
obtain the same standard error greater with the 
frictional measurements than with 
measurements. 

Peryman and Speakman [24] have found that 
extraction with ether and alcohol greatly reduces 
the felting fabrics. They attribute the greater 
shrinkage the unextracted samples 
cation effect, the lubricating agents being soap and 
fatty matter, which are always present normally 
scoured samples. acid solutions the 
soap hydrolyzed and felting promoted the 
presence fatty acid. 

Hitherto has been difficult 
findings direct frictional measurements, proba- 
bly because the large variation between different 
fibers. The results Table however, indicate 
that there difference between untreated and 
If, now, the 
felting good measure the friction, should 
possible estimate the difference 
tween the untreated and the extracted samples 
simply measuring the felting rate these 
samples. the true fiber friction sought, 
also important know how contaminating sub- 
stances like fatty matter influence the friction, 
that precaution can taken remove these. 


ether- and alcohol-extracted samples. 


Unextracted and extracted samples were run 
the tumbling jar buffer solutions three differ- 
ent The experimental conditions were 
the same before, except that the samples were 
removed from the jar and measured only after 
1,000. Three samples were used each run, 
one from each the untreated, ether-extracted, and 


A | 
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Treatments 2.0 6.0 
42.8 46.2 


43.0 47.0 
43.5 45.2 


10.0 


43.8 
45.7 


Untreated 


Mean values 46.1 


40.4 40.1 
39.4 39.5 
37.9 
Mean values 39.2 39.6 
Ether- and alcohol- 
extracted 


36.6 
32.3 
35.6 


Mean values 34.8 
Three runs for 
each buffer solution were made, which makes 
total nine runs. 

The statistical analysis these data shown 
Table important note that differ- 
ences between buffer solutions should compared 
with differences between runs because the split- 
top design. 

Table VII seen that the untreated top 
felted more than the ether-extracted and the ether 
tions, whereas there was difference between the 
solutions the ether-extracted sample was intermedi- 
ate between the other two. Run differences are 
here significant the 0.95 limit. 


ether- alcohol-extracted lots. 


The results are given 


These results 
confirm the findings Peryman and Speakman, 
although the differences between untreated and 
alcohol-extracted samples are not great with the 
top with the fabrics used results 
also confirm that the differences found direct 
frictional measurements are real. 


Discussion 


All measurements friction, both and 
indirect, have shown that there almost instan- 
taneous increase friction when the fibers are sub- 
jected treatments with alcoholic potash. The 
chemical reaction between the surface layer and the 
alkali responsible for this increase very rapid 
during the first few seconds, but slows down con- 
siderably with impossible tell from 
the data homogeneous surface reaction with 


rABLE VARIANCE 


FROM TABLE 


ot ot 
freedom 


Mean 


Source variation square 


lotal 26 
Between butfer solutions 
Between runs 
Between treatments 
Interaction: buffer solutions 

treatment 
Error 


578.61 
24.72 
16.07 

493.49 


34.12 


definite reaction constant the reaction pro- 
gressively penetrates deeper into the surface layer. 
After longer times treatment, obvious that 
the reaction must deeper into the cuticle and 
might even eliminate the difference 
degrading the scale substance. 

has been shown Shooter and Thomas 
that there close connection between chemical 
and friction. 


constitution surface 
ethylene have lower friction than polar substances 
like and When the 
low friction the wool fibers increased, this might 
instance, transforming from weakly polar 
what kind reaction this might involve futile 
because still lack knowledge the chemical 
composition the epicuticle. obvious from 
electron investigation that the main 
structure the epicuticle more less unaffected 
these treatments [12 and therefore the change 
friction can hardly due the exposure 
change chemical structure the surface may 
But 
this equation also contains the modulus 
ticity, and the yield limit, these quan- 
tities are changed result chemical reaction 
proceeding sufficient depth beneath the surface, 
the value the friction might also change. The 
change surface friction, therefore, 
retically brought about two different 
difficult tell from the data which these are 
responsible for the change friction, but, because 
the very rapid increase after short times treat- 
ment, most likely that the main factor 
chemical change the surface. 


thus affect the value equation (13). 


After longer reac- 
tion times the other factor also might become 
operative. 
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Mechanical Properties Cotton Fibers 
Part Relaxation Air and Water* 


University Utah, Salt Lake City, Utah 


tigation the effect present commercial handling 
the properties cotton cotton used 
this work was from the following stock: Upland 
Cotton Strain No. 234 (grown, Las Cruces, M., 
1949; grade, Strict Middling Good Middling). 
The samples were from set eleven that were 
obtained when bale this cotton was processed 
sample was the field seed-containing sample, and 
the other samples were drawn after each stage the 
processing, including even simple operations such 
washing. The final sample was 
thread. samples weighed from Ibs. 
each. This complete set samples was supplied 
through the courtesy Dr. Carlyle Harmon 
Chicopee Mills, Chicopee Falls, Mass. 

The results the relaxation studies air and 
water the sample containing seed and that 
which was gin-processed are reported this paper. 
The results other types investigations will 
reported later. These samples will designated 
the following discussions the and the 
cotton. Also, the terms and 
“cotton will refer the lint fiber. work 
reports results similar some those presented 
here. 

Experimental 

The tests were conducted individual cotton 
fibers. The fibers obtained from the seed cotton 
were carefully cut from the seed with sharp razor 
blade such manner subject the fiber the 
minimum possible gin cotton was used 
received. Throughout the investigations, 
attempt was made use random sections the 
cotton samples each the experimental condi- 
tions. small portion the bulk sample was 
chosen random, and some the fibers were 
mounted and tested. The excess fibers were dis- 

This was supported part the Office Naval 
Research. 

Dean the Graduate School, University Utah. 


carded following the preparation the 
the testing, there was duplication the experi- 
mental conditions with the exception that the fibers 
employed were from different sets 
believed that the method employed selecting the 
fibers was such give representative values for 
the entire sample. 

The individual cotton hairs were mounted with 
small glass hook one end and copper wire hook 
the fiber was wrapped around the 
hooks several times and bonded the hooks with 
resin (Rohm Haas, This 
method mounting had the advantage that the 
section the fiber tested was from the central 
portion. This resin without the application 
heat. The bonding agent was given least 
hrs. set before further treatment was undertaken. 

The mounted, air-dry fibers were stored 
special rack that strain acted the fiber. 
The fibers tested the water-saturated state were 
conditioned distilled water, under strain, 
fibers, hook hook, was generally about 
with some fibers short and some long 

The apparatus used these experiments was 
modified form the Sookne-Rutherford auto- 
balance that records continuously the instantaneous 
force the fiber. data from this balance were 
reproducible +10 mg. 

the force-relaxation studies, the fiber was 
mounted the adjusted balance and the fiber was 
elongated rigidly controlled constant rate 
0.0712 until the force supported was from 
The elongation was then stopped and 
held constant value, and the fiber was allowed 
relax. The instrument automatically recorded 
the decay the so-called 
The time relaxation was generally hr., although 
some cases was considerably one 
set tests, the fiber was re-elongated after had 
been allowed relax for approximately 
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all instances where the fiber was re-elongated, was 
subjected force greater than that initially used. 

all experiments, the temperature the me- 
+0.1°C circulating water from thermostatted 
bath through the outer jacket the test chamber. 


Was 


Results 


was found that the relaxation curve for cotton 
fiber could reasonably approximated 


following empirical equation: 


The experimental and the calculated curves are 
compared Figure They are shown 
good agreement over the entire major 
divergence occurs during the first minute relaxa- 
tion. one set measurements, the relaxation 
was carried out for over 400 min. without any 
apparent change the shape the relaxation 
curve. The relaxation constants were highly repro- 
ducible and were independent the initial force 
acting the fiber the range from g., but 
were markedly influenced temperature. 

summary the relaxation constants for seed 
cotton given Tables and similar set 
data was obtained from the relaxation studies 
using the gin cotton. These data are given 
Tables and IV. 

The relaxation constants given the tables 
the temperatures 0°, 20°, 40°, and 60°C are the 
averages. from five ten the studies 
with the air-dry fibers, was not possible make 
measurements due the condensation 
water from the air. The data represent the be- 
was observed that occasionally the relaxation curve 
for single fiber was totally inconsistent with those 
for the usual fiber. this analysis, the small frac- 
tion fibers that were with the 


Seed 
Oistitied Water 


Cotton Semple — 
Temperature 
Atmosphere 


—— Calculated 
O Observed 


Force (grems) 


16 20 24 
Relexation Time (min) 


Cc, = 0.19 grams 
Ce = 0.83 grams 
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TABLE RELAXATION CONSTANTS FOR 


Temperature 
(°C) (sec. 


TABLE RELAXATION CONSTANTS FOR 
SATURATED SEED 


‘Temperature 
(°C) 


a 


— 


majority the data were considered 
sentative the fibers’ behavior. data were 
rejected the following bases: 


as nonrepre- 


elongation curves for the fibers that gave inconsis- 
tent data were markedly different from those for the 
the former were very flat; the case the water- 
saturated fibers, the force-elongation curves did not 
exhibit the two-slope curve minimum and then 
maximum slope) but single uniform 
later measurements was possible 
during the elongation the fibers that would give 
(2) 


inconsistent 


constants obtained from these fibers were generally 
from times the values. (3) The 
inconsistent data usually occurred condi- 


elevated would cause 
imperfections the bonding appear more read- 
ily. The are convinced that these incon- 
sistent values represent faulty bonding and not 
variation fiber properties. While would have 


tions 


ay C2 


122x107 sec’ 


tron curve cotton fibers. 


') 
0.6 
° 4 8 12 Po 26 32 36 40 ne 


1953 


TABLE CONSTANTS FOR 
Gin 


Temperature 
CC) (sec. (sec. ‘) 


20 0.896 10°? 2.91 10 


SATURATED GIN 
1.24 10°? 
20 1.15 x 10°? 
1.07 


been desirable make more determinations each 
the various experimental conditions, the number 
determinations was limited the time required 
collect and treat the required approxi- 
mately man-hours prepare the fiber, carry out 
the measurements, and determine the characteristics 
each fiber tested. 

the experiments where the fiber was 
gated after had been allowed relax for period 
approximately hr., was found that,the relaxa- 
tion constants were, within experimental error, the 
same those obtained the earlier relaxation 
the relaxation 
constants obtained from the subsequent relaxation 
curves were not influenced the time relaxation 
the prior studies, provided the time interval was 
sufficient length permit the completion the 
fast 


that 


some cases, the fiber 
was elongated and allowed relax three times, with 
good consistency the relaxation constants. How- 
ever, consistency the relaxation constants was 
not obtained the stress was ever completely 
removed from the change the fiber 
properties may due increased 
tion the fiber. 

The emphasis this work was the obtaining 
general survey the behavior the fibers 
under wide variety conditions, rather than 
restricting the investigations few conditions 
and obtaining statistical distribution for the 
relaxation constants. The authors recognize the 
value statistical treatment, but was thought 
that the over-all behavior should investigated 


first. measurements may require some 
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revision the relaxation constants, but such revi- 
sions will probably minor importance. 


Theoretical Treatment Relaxation 


Although there are certain serious limitations 
simple mechanical model approach fibers such 
cotton 340), has been possible draw 
some conclusions possible mechanism the 
relaxation processes. 
the relaxation curves 
fibers and the fact that the imperfect, 
possible propose the model shown 
which least qualitatively correct. 
observed this work are represented the two 
Maxwell elements parallel. 


Considering 


The par- 
ticipating processes 
The dashpot located 
the top the model necessary explain the 
region plastic flow observed the initial elon- 
gation the wet fiber. This dashpot water- 
sensitive, and, unless the fiber wet, inactive 
the elongation process. The relaxation studies 
carried out using the water-saturated fibers were 
not conducted until the fiber had been elongated 
the region behavior; thus, this dash- 
pot was fully extended and did not influence the 
relaxation. Under these experimental conditions, 


the model behaved though had the form shown 


Proposed mechanical model for raw cotton fibers. 


4 

& 
| 

| 
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Figure This portion the model 
put different but equivalent form 125), 
shown Figure this second form, the 
model shows close resemblance the model used 
Houwink [4], shown Figure 

The rate elongation elastic unit according 
law 


the case the flow unit, the rate clongation 


The total rate elongation the Maxwell unit 
equal the sum these elongation rates: 


ds; A 2 sin a ‘ 1 df; 
1 


first approximation, the hyperbolic sine term 
can expanded, and equation (2) approximated 


collecting terms and using expression 
for the viscosity 483), possible obtain 
the usual differential equation for the Maxwell unit: 


For the relaxation curves obtained with the fiber 
held constant the restriction that 
the total clongation rate the model must zero, 


Under such conditions, the solution the differen- 
tial equation for the Maxwell element 


t 


(4) 


total force the model the sum the forces 
each element, 


gi ge 
The force supported the fiber obtained 
multiplying the appropriate cross-sectional area: 


Ri & 
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seen that equation (6) has the same form the 
empirical equation (1) 
expression for viscosity 483) 


The rate constant from the Theory Absolute 
Reaction Rates is: 


+ 


Using the above expressions, possible express 
the relaxation constant terms fundamental 
values: 


Solving for the free energy activation, one gets 


(7) 


the numerical evaluation the free energy 
activation, the values the various were ob- 
tained using the model for the unit cell cellulose 
developed Meyer and Misch The relaxa- 
tion probably occurs primarily the amorphous 
region. The unit cell should give the minimum 
distances between the cellulose chains the cotton 
fiber. For the purposes these calculations, dis- 
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activation with temperature for the fast 
relaxation process seed cotton 


Free Energy of Activation (kcel) 


larger than the distances 
were chosen. The elastic constant was taken from 
the literature The values used the 
sion). From thermodynamics, known that 


The various values the enthalpy and entropy 
activation were calculated, since excellent linear 
relationship was obtained between the free energy 
activation and the absolute 
example these results shown Figure The 
entropy and enthalpy activation for air-dry and 
water-saturated seed cotton are given Table 
Similar calculations were carried out for the gin 
cotton fibers. The results are given Table 

the previous development, the relaxation was 
treated using the classical expression for the 
cosity. 


would have been desirable use the 
the 
mathematical complexity prevented its use this 
time. 


nonlinear viscosity expression Eyring, but 


Mechanism Relaxation 


the previous calculations, observed that 
the enthalpies activation have 
values, while the entropies activation have high 
negative values. The maximum value observed 
for the enthalpy activation considerably less 
than the strength the hydrogen bond cellulose, 
system there may two hydrogen bonds between 
adjacent groups. 


*5.2 represents the minimum distance between equilib- 
rium conditions along the cellulose chain. 


Water Saturated Fibers 


Experimental 


Temperature (°A) 


This low heat activation indicates the 
relaxation proceeds through 
hydrogen bonds, proposed Mark 
results indicate that the slippage the 
chain somewhat more complex than the simple 
transport the groups new positions. 

the vibrational degrees freedom each 
have one-Bth many states the activated com- 
plex the normal state, the rate constant for the 
relaxation process when written the 
partition functions has the form 


, 
k relax 


ke Doormat 


kl 


The degrees which are 
changed passing the activated complex cancel 
out the rate constant. Assuming that the 
vation leaves the frequencies unchanged, seen 
TABLE 


ENTHALPY AND ENTROPY 


RELAXATION SEED CoTTON 
AS,* 


4.6 
— 83.3 5.6 


—83.1 
80.0 


Fiber state 


\ir-dry 0.5 
Water-saturated 0.7 


RELAXATION 


Air-dry 0.5 —81.1 2.9 
Water-saturated 0.5 —83.9 2.6 


Fiber state 


270 280 290 300 320 330 340 
1 
= 
i-e 
San 
— 
AY 
4 
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that the entropy activation related the 
number elements, that must assume the pre- 
ferred orientation before slippage the chains can 
occur. This leads the simplified 


The exact numerical value uncertain; how- 
suggests that the relaxation results from 
small segmented motions the chains rather than 
from the whole chain moving one time. 
relaxation must occur least partly the amor- 
phous region the fiber. Presumably, will differ 
the and the amorphous regions; thus, 
the determined these calculations average 
value for the two regions. 

The air-water relaxation studies provide certain 
information concerning the nature the relaxation 
elements. discussion these elements will 
reserved until later since the investigations using 
acids are especially significant 


Summary 


The relaxation constant elongation cotton 
fibers showed that the relaxation process complex. 
The relaxation curve for both the air-dry and the 
water-saturated cotton fibers can successfully 
approximated using the sum two exponential 
terms. The relaxation constant for the fast relaxa- 
tion process approximately 1,000 times larger 
than the constant for the slow process. mechan- 
ical model consisting two Maxwell 
parallel has relaxation equation, constant elon- 
gation, the same form the equation for the 
relaxation the cotton fibers. Using this model, 
further, and found that the principal portion 
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The X-Ray Pattern Sericin and Silk Wax 
from Bombyx 


Textile Research Institute, Princeton, New Jersey 


Abstract 


Several x-ray reflections occurring raw silk and some preparations sericin, and previ 


ously thought characteristic sericin, are shown arise from silk wax. 


The wax asso 


ciated with the sericin fraction most strongly attached the fibroin and present within the 


silk gland prior spinning. 


SEVERAL authors have described 
x-ray patterns believed characteristic sericin, 
constituent which gums the 
filaments cocoon silk and which constitutes 
about the weight the cocoon. Certain spac- 
ings the x-ray pattern raw silk have also been 
attributed The most extensive study was 
made Simizu who described 
and distinguished their ease re- 
moval from raw analytical studies [2, 
show that differing amino acid com- 
position can extracted, there little doubt that 
Simizu believed that 
had shown that sericin ///, the fraction most diffi- 
cut remove from the fiber, gave number dif- 


sericin not single protein. 


ferent spacings from those the more easily ex- 
different 
structure. 


The work described here shows that all sericins 
give similar x-ray patterns and that the special spac- 
ings believed characterize sericin 
also are prominent the pattern given raw silk, 
arise from the silk wax, constituent forming small 
fraction the weight the cocoon. 


Experimental 
Preparations 


All materials used this study were obtained from 
(Bombyx mort) raised this laboratory. 


This research was sponsored part the Office 
Naval Research, Navy Department, Contract No. Nonr-09001. 

Staff member, Commonwealth Scientific and Industrial 
Research Organization, Melbourne, Australia; present, 
Visiting Fellow, Textile Research Institute. 


Sericin 


The sericin was extracted from raw silk aque 
ous solutions using well-known methods 
Other preparations were obtained silk 
glands mature silkworms which 
and fibroin are found solution forms clearly 
separated from each The sericin closely ad- 
heres the inner suriace the skin the gland 
and the fibroin forms core entirely surrounded 
sericin The same relative position the two 
proteins maintained during the passage the silk 
stream the spinnerets and that found the ex- 
truded thread. This separation made possible 
prepare specimens the two proteins direct from the 
gland. 

Sericin specimens were made from freshly excised 
glands three methods: (a) extracting the glands 
which dissolves the fibroin core and leaves hollow 
tube sericin; hardening the glands 25% 
ethanol water for hrs., which coagulates both 
proteins, and the sericin peels off without difficulty 
(c) soaking the glands acetic 
which also coagulates both proteins. stretch- 
ing the gland the fibroin converted into strong 
thread, while the sericin breaks into irregular patches 
the surface the thread and thus separates from 
the Partial orientation sericin specimens 
was obtained stretching and pressing. Fats and 
waxes were removed when desired washing 
warm ethanol followed prolonged 


boiling toluene. 
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Dewaxed sericin from silk gland. Silk wax. 


Fic. X-ray photographs silk and silk Specimen-to-film distance each case 4.0 
Copper 


4 4 “| 
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from silk gland containing silk wax. 
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TABLE 


Non-fibroin 
diffractions Gland Dewaxed 
raw cocoon silk Sericin and Sericin sericin sericin Silk wax 


at 4.66 Vs (1 J VS oO S 1.6 S 


meridional diffraction does not fit into the first layer line the sericin isa 
sericin diffraction, its presence the meridian together with strong diffraction the equator 4.6 double 


and cocoon silk and gland sericin (column not yield 


Freshly spun cocoons were extracted with boiling 


henzene; the extract was filtered and allowed 

gest that sericin differs structure 


and 


interest note that the cocoon silk the 


yellow color, that from the was 
brown. Ten grams raw silk yielded 


wax mainly associated with the most tenaciously 

X-Ray Diffraction held fraction the sericin that 

Patterns were recorded flat films using gland show that this wax secreted the gland 

(filtered) radiation from copper along with the sericin and not added the silk 
tube. The film-to-specimen distance was cm. the time spinning. 

Recently Kratky, Schauenstein, and 

Results have reported that certain reflections found 


principal spacings found silk, de- 


gummed silk, various sericin preparations, 
wax are recorded Table results for silk 
and sericin are good agreement with 
tained earlier workers. Typical x-ray patterns 
raw silk, degummed silk, sericin from the gland 
sericin dewaxed sericin, and silk wax Acknowledgment 
are reproduced Figure 


with those deseribed here except that the present 
material the wax seems mostly associated with 
the sericin and little trace can found 


when the sericin has been thoroughly removed 


The authors would like thank Miss Dorothy 
for her aid printing the x-ray patterns 


Discussion Figure 


comparison the x-ray photographs Figure 


Literature Cited 
the calculated spacings Table shows that 


the strong reflection 4.1 found patterns 195 (1938). 


silk wax (column 6). When thoroughly dewaxed, (1952). 


raw silk (column and some sericins arises from 


146 
245 
4.5, 
4 1 2 \ “are 
p 
eke 
4 
ip 
4 
A 
Sat 


246 


Kratky, O., Schauenstein, E., 
170, 796 (1952). 
Matsunaga, Y., Soc. Chem. Ind., Japan 39, B465 
(1936). 
(1940). 
Rutherford, A., and Harris, M., 
SEARCH JOURNAL 10, 221 (1940). 
Sakurada, and Matusita, Y., Soc. Chem. Ind., 
Japan 40, 58B (1937). 


and Sekora, A., Nature 


ws 


“I 


TEXTILE RESEARCH JOURNAL 


Shaw, B., and Smith, G., Nature 168, 745 
(1951). 

Simizu, M., Bull. Imp. Expt. Sta., Japan 
10, 441 (1941). 

10. Trogus, 
(1933). 

11. Yamanouchi, M., Coll. Agr., Hokkaido Imp. 
Part (1921). 


Hess, K., Biochem. 260, 376 


and 


(Manuscript received January 2, 1953.) 


The Identification Synthetic Fibers Their 
Refractive Indices and Birefringence 


Heyn* 


School Textiles, Clemson Agricultural College, Clemson, South Carolina 


Abstract 


simple method described for the differentiation synthetic their refractive 
indices and birefringence, using the technique central illumination. 


previous communication [2] the results were 
reported comparative study the refractive 
index and birefringence synthetic fibers with spe- 
cial reference their present 
paper continuation this study and applies the 
data simple method differentiation and identi- 
fication these fibers. 

possible, course, identify the fibers 
determining exactly their refractive index 
fringence with the methods used the former ar- 
ticle and comparing the values obtained with the 
data reported there. The accurate determination 
the two indices refraction the Becke-line 
method, however, not only requires the use com- 
plete set accurately calibrated immersion liquids, 
but certain cases also involves great deal eye- 
and The 
birefringence from the polarization colors, further- 


strain concentration. 
more, not very accurate for noncylindrical fibers, 
and requires special care and precaution 
where the birefringence either very low very 
high (see for the case 


Professor Natural and Synthetic Fibers. 


For the purpose differentiation, quicker meth- 
ods can worked out which not involve accurate 
determination the indices. The present study de- 
scribes such The most important require- 
ments for such simple routine method are: ease 
operation; use only limited number easily 
available immersion liquids; and exclusion the 
use complicated polarizing accessories 
cial microscope. 

the various possibilities tried, the method de- 
scribed here met all the requirements and proved 
very useful. not claimed that the method sug- 
gested the only answer; many other methods can 
worked out along the same lines. 


Principles Applied for Simple Method 
Identification 
Use the Central Illumination Method 


Apart from the observation the Becke line, two 
other immersion methods are known for the deter- 
mination refractive index 


namely, the method 
central illumination and the method 


| 
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Diagram showing the refraction light 
fiber lower (A) and higher (B) refractive index than 
that the medium (C). the first case bright line 
observed focusing down (plane D), and the sec- 
ond case focusing (plane 


The 


great simplification over the Becke method, since 


latter method does not offer 
Saylor pointed out that must carried out 
with special precautions order give reliable re- 
The method central illumination, however, 
proved extremely easy and suitable for the in- 
vestigation fibers cases where high accuracy 
not required, 

The principle this method that any solid 
roughly lenticular cross section embedded 
will act like convex lens, that light concen- 
tration formed some distance above 
(see Figure the microscope focused the 
fiber, this light concentration will not observed, 
but the microscope raised and focused above 
the fiber, the light concentration observed 
bright band the center the cylindrical 
the refractive index the medium higher than 
that the fiber, the light concentration will ob- 
served when microscope lowered 
the fiber (when the microscope 
above the fiber, dispersed brightness observed 
outside the fiber light concentrations 
are observed when the fiber not exactly cylindrical, 
but that case the bright band may found some- 
where else than the center sometimes more than 
one bright band may observed fibers with 
dog-bone-shaped cross section, where two bands gen- 


erally appear). The phenomenon central illumi- 


nation distinct from the phenomenon the Becke 


line that the former mainly the result the re- 
fraction light the fiber and the latter the re- 
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sult the reflection light the interface fiber 
and liquid. 


practice, the fiber shows composite 
effect play part such way that they re- 
inforce each other. 


which 
changing the focus, the Becke 
line may seen move towards the inside the 
and fuse together with the central light band. 


Use Intermediate Liquids for 
of High Birefringence 


the method central used with 
refractive index intermediate between the two 
indices the fiber, the following interesting phe 
nomena will observed (see Figure the fiber 
observed with polarized light vibrating parallel 
the fiber axis, the central bright light band will 
appear when the microscope focused up; the 
fiber observed with light vibrating perpendicular 
the fiber axis, the bright band will appear when 
When these phe- 


nomena are observed, may concluded that the 


the microscope focused down.* 


index the liquid used lies between the indices 
the single Polaroid polarizing dise inserted 
the somewhere under the stage suf 
ficient produce the polarized light; not even 
necessary know its vibration axis, and com 
plicated polarizing devices special microscope are 

this way the birefringence and refractive indices 
fiber can used simple way for its 
cation, shown more detail below. 


The Absence Birefringence Certain 


Some synthetic fibers, like glass fiber and Vinyon 
HH, have been found have birefringence all. 
These fibers can identified easily. When rotating 
the fiber the dark field between crossed polarized 
dises, polarization colors will observed. 


Use Few Selected Liquids 


the commercially avaliable liquids, those are 
selected which have refractive indices intermediate 
between the two indices the fibers question. 
For fiber high birefringence, many liquids 
various refractive indices will meet this requirement, 
and large difference will exist between the inter 
mediate index the liquid and each the refractive 


*Presuming that the fiber has positive birefringence; in 
the case negative birefringence, the reverse would true 


y 
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down 


down 


Photomicrographs (magnification, 200 two crossed Dacron fibers immersed 
light vibration along vertical line and (refractive index vertical fiber 1.700 and 
fiber 1.532), and along horizontal line and (refractive index vertical fiber 1.532 and hori- 
sontal fiber microscope was focused down and and and and was correct focus 
lens action observed when focusing down and because the difference between the refractive 
dices the medium and the fiber (1.657 and 1.532) these cases larger than when focusing and 
where the difference smaller (1.657 and The same phenomena are observed with nylon mounted 
methyl salicylate. 


indices the Under these conditions the Description Special Procedure for 
phenomena central will always occur. Identification 

For fiber low birefringence, the index the 
liquid will very near that the fiber, and the 
difference indices will too small result 


The fiber mounted the test liquid and 
nated symmetrical cone light focused for the 
hest results approximately the plane the fiber. 
necessary that the angular aperture the light 
cone less than the aperture the objective. 


clear appearance the central illumination bands. 
this case the fiber will almost invisible 
positions under the polarizing disc, and this will usu- The behavior various synthetic fibers the 
ally allow identification. The observation the three liquids listed above 
Becke line may used addition. The first column this table gives the various fibers 

The liquids selected after some experimentation the order their refractive indices (given the 
1.657), methyl second column), and the other columns the 
salicylate 1.537), and monochlorobenzol behavior the fiber each the three immersion 
1.522). course, other similar liquids may liquids. 


the same way. Bromonaphthalene has 


f 
> 
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mounted methyl salicylate; the fibers are almost except for lines entrapped 
(magnification, sections fibers from which the presence entrapped air can un- 
derstood (magnification, 


FOLLOWING THE CENTRAL 


Orlon 1500-1510 Down Down Down 


1.520 1.516 Down Down equal 
structure 


\crilan 1.520 Down Down Equal 
(Vinvon (intense pitting 
1.526 Down Down equal 


pitting 


Dynel 1.536 1.531 Down 
(Vieara- Alginate 


Intermediate 


Nylon 1.519 Down Down 
1.582 Down 

Intermediate 
Dacron 1.532 Down 
1.700 


The vibration direction light parallel the fiber axis except for X-51 and Acrilan, where the direction perpen 
dicular the fiber axis. 

The vibration direction light perpendicular the fiber axis except for X-51 and where the direction par- 
allel the fiber axis. 

Up: bright band observed when the microscope focused up; refractive index fiber higher than that the 
Down: bright band observed when the microscope focused down; refractive index fiber lower than that the medium. 
Equal: bright band observed either focus; refractive index fiber close that the medium. bright 
band observed when the microscope focused when the light vibrating the one direction the fiber, and when the 
microscope focused down when the light vibrating the other direction the fiber; refractive index one direction 
the fiber higher and the other direction lower than that the medium. 
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mediate between those Dacron,* 
the phenomena central illumination are exhibited 
the fiber this medium (see Figure 2). 

The same holds true for nylon when immersed 
methyl salicylate. Dynel, and alginate fibers 
have low birefiringence and become 
visible this liquid. presence air trapped 
the surface folds Dynel results typical dark 
streaks over long areas parts the fiber (see 
3); central illumination band observed 
defocusing. 

visible except for the external and internal pitting 
which overemphasized result the high 
central illumination 
not fully. invisible 


transparancy the fiber. 
observed 


Fiber does not show any polarization color under crossed polarizers. 
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monochlorobenzol, and faint outline very 
little further structure) may observed 
sponding slightly lower refractive index may 
shows clear central illumination focusing down, 
which distinguishes this fiber from the foregoing 
The refractive 
no. 


between 


ones; clear fibrillation observed. 
indices the various types this fiber 
41, staple 
1.502 and 1.510. 
Glass fiber and Vinyon 


were found 


from the above fibers the absence birefringence, 
discussed previously. 

The following identification key based 
above procedure 


2(a) index alpha-bromonaphthalene intermediate between the 
indices the fiber, shown bright band observed focusing with 
one setting and focusing down with the other setting the polarizer 
index alpha-bromonaphthalene higher than the indices 
the fiber, indicated bright band only focusing 
3(a) Refractive index methyl salicylate intermediate between the indices 
the shown bright band observed focusing with one setting 
and focusing down with the other setting the polarizer Nylon 
(b) Refractive index methyl equal that the fiber, shown 
(c) Refractive index methyl salicylate higher than that the fiber, in- 
Refractive index monochlorobenzene equal that the fiber, 
shown the faint outline and the absence bright band either 
strong pitting observed throughout the 
Refractive index monochlorobenzene slightly lower than that the 
fiber, indicated the absence bright band either focus and the 
presence Becke lines corresponding lower very 
(c) index monochlorobenzene considerably higher than that 
the fiber, indicated one two bright bands focusing clear 
fibrillation observed this liquid. Orlon 


Comparison the Method Refractive Indices 
with Other Identification Methods 


hoped that the principle indicated here and 
the method suggested may helpful the identifi- 
cation synthetic fibers. 

*The refractive index, n,, Dacron was found 
1.700 with three commercial samples investigated with the 


The few methods suggested previously combine 
tests density, morphological characteristics, and 
solubility [1], use combination morphological 
characteristics, color tests (identification stains), and 
solubility tests [6], and are therefore rather compli- 
Becke-line method. This finding complements the determina 


tion the previous paper [3] and agree 
ment with the observations Quynn and Steele [4]. 


= 
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gence described here both easy and effective for 
the main differentiation these fibers, especially 
when the oufstanding morphological characteristics 
mentioned are also taken into special 
advantage the method that can also applied 
most cases with fibers (color tests, for ex- 
ample, require that the fiber 
stances should decide which method used, 
and one method may complement the 


further discussion and comparison methods refer 


lo | 3]. 
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Southern Regional Research New Orleans, Louisiana 


Abstract 


The results survey the magnetic anisotropy group cellulosic materials measured 
according the Krishnan “oscillation” method are presented 


The technique deseribed 


the application this method the measurement the anisotropy fibrous materials 
Experimentally was found necessary subject the samples brief pretreatment with cold, 
dilute acid order obtain concordant results for given material. Data are given show 
the effect the observed anisotropy variations this pretreatment 
The results magnetic anisotropy measurements are discussed their possible usefulness 


characterizing molecular orientation. 


shown that for materials given 


modification (cellulose //) the observed anisotropy primarily molecular 
orientation, but that the anisotropy varies with orientation different manner for the two 
crystalline modifications. influence variations the amount crystalline material 


magnetic anisotropy has thus far received 
little attention fiber research, other anisotropic 
properties have been known for many years and have 


been studied detail. The direction-dependence 


Report study made under the Research and Market 
ing Act the Southwide Chemical Con- 
ference, American Chemical Society, held Ala., 
Oct. 23-25, 1952. 

Present address: 924 Fillmore New Orleans, 

the laboratories the Bureau Agricultural 
and Industrial Chemistry, Agricultural Research Adminis 
tration, Department Agriculture 


the observed anisotropy also briefly 


the refractive index was probably the first the 


anisotropic properties observed fibers, and was cited 
early workers proof the presence erystal- 
line elements within the now known that 
the double refraction arises from the inherent optical 
anisotropy the chainlike macromolecules and from 
the preferred axial orientation the molecular chains 
Preston and Bhat 


discussed the evaluation molecular orientation from 


which constitute the fiber 


swelling anisotropy and double refraction data, and 
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concluded that these two anisotropies depend upon 
the orientation the fiber whole, including both 
the crystalline and amorphous regions. Hermans 
has also shown that, least for highly oriented 
fibers, the orientation parameter for the whole fiber 
determined refraction measurements 
agrees well with the orientation parameter for the 
crystallites determined x-ray diffraction. 

For materials which can obtained single 
tals, Krishnan [5, has shown that knowledge 
the principal magnetic susceptibilities measured 
the crystal can some cases give great deal 
information concerning the relative 
the molecules the unit Selwood 
suggested the utility such studies 
determining molecular orientation fibrous high 
polymers, the literature reveals few such studies. 

Cotton-Feytis [1, demonstrated the generality 
magnetic anisotropy the examination several 
types natural cellulosic fibers 
studied showed varying degrees anisotropy, the 


stretched 


magnitude which roughly paralleled the degree 
orientation measured x-ray diffraction. 

Nilakantan made detailed magnetic study 
wood cellulose derived from exam- 
ined the samples after various treatments leading 
the isolation high-purity a/pha-cellulose, and found 
The raw wood after 
extraction with alcohol-benzene water 
electromagnetic the high-purity 
obtained after complete chlorination gave value 
His results further showed the 
more negative diamagnetic susceptibility lay along 
the fiber axis, and that the cellulose macromolecule 
the axis greater diamagnetic susceptibility was 
along the direction the main-valence chains. 


lose content the specimen, 


Selwood, Parodi, and Pace have shown mag- 
netic anisotropy extremely sensitive criterion 
for evaluating changes molecular orientation 
fibrous their work the polymer 
polyethylene terephthalate they measured the mag- 
netic anisotropy series filaments which had 
been subjected varying degrees stretch during 
preparation. 
ratio about Beyond this point the aniso- 
tropy began increase very rapidly with increasing 


They found that the 
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draw ratio. They interpreted the break the curve 
indicating the inception crystallization due 
stretching the substantially amorphous polymer. 

view the work other polymers, appears 
that magnetic anisotropy should useful charac- 
present study, magnetic anisotropy measurements 
have been made series cellulosic materials, in- 
cluding both native and regenerated fibers, well 
some materials which had been modified this 
laboratory chemical treatment. 
fulness such magnetic measurements character- 
izing molecular orientation cellulosic fibers dis- 
cussed, and attempt made compare the results 
with those obtained with some the better-known 
methods for evaluating 


The possible use- 


The results presented here should considered 
only preliminary survey the magnetic aniso- 
tropy certain cellulosic materials, and the correla- 
tion presented should taken tentative but indica- 
tive the possible direction for further work. 


Method Measurement 


his work the magnetic anisotropy crystals, 
Krishnan devised two experimental 
measuring directly the difference between any pair 
principal magnetic susceptibilities. The anisotropy 
values reported here have all been made using 
Krishnan’s with 
modification required order apply the method 
fibrous materials. 


“oscillation” some 
Although the method gives 
information concerning the absolute values the 
magnetic susceptibility, does measure with high 
accuracy the difference between principal suscepti- 
bilities. When sample anisotropic 
suspended uniform magnetic field, couple set 
due the anisotropy, which tends set the axis 
greater susceptibility the plane oscillation 
parallel the field 
per, the term when applied 
refers its alegbraic value. 


Throughout 


diamagnetic substance, such cellulose, all principal 
susceptibilities are the axis less negative 
susceptibility will therefore align itself with the field 
direction. When the torsion the suspension fila- 
ment known, the couple due the anisotropy can 
evaluated from the period oscillation the 
sample the magnetic field. 

The difference susceptibility for the two axes 
the plane oscillation related the observed pe- 
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oscillation and the constants 
according the following equation: 


the system 


where and are the maximum and minimum val- 


ues the specific susceptibility the sample the 


magnetic field and the period with the influence 
the field the torsion constant the 
suspension filament dyne-centimeters per 
the field strength the magnetic field 
and the mass the sample grams. 

generally accepted that fibers may consid- 
ered uniaxial, symmetrical bodies with random 
orientation Thus, the 
anisotropy fiber completely specified deter- 
mining 


about the 
lel the fiber axis and the mean the two 
principal susceptibilties the plane perpendicular 
the fiber axis. order bring these two axes 
principal susceptibility onto the plane oscillation, 
the sample bundles were suspended with 
axis horizontal. The oscillation took place about 
transverse axis through the center the bundle, and 
the anisotropy (x,, x,) determined single 
measurement. 


Apparatus 


The magnetic field was furnished 
large permanent magnet which was fitted with pole 
pieces designed give uniform field 
gap 1.0 in. length and 2.0 in. diameter. The 


~ ‘ - 
Honzontol Traverse 


Fic. 
table top; tracks; rolling 


Schematic drawings magnetic anisotropy apparatus. 
turntable; 
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strength was determined the usual mannet 
with small test coil and ballistic the 
field strength was found 8360 oersteds. 
The uniformity the field was mapped noting the 
period oscillation small, well-formed crystal 
within the region normally occupied the sample 
bundles. The maximum deviation 
relative the average strength the 
found less than 

This magnet was mounted 
which allowed the magnet rotated about verti- 
cal axis. The turntable was set upon chain-driven 
rolling carriage which served move the magnet 
over horizontal distance the magnet 
removed the full in., the field strength the sam 
ple was effectively 


The 
torsion constant each filament used 
mined measuring the period oscillation non 
magnetic mass known inertia. For the several 
suspensions employed during this work, the torsion 
constant, varied within the range .030 dyne 
centimeters per radian. 

short straight length number copper wire 
was soldered the lower end the suspension fila 
ment. The bottom end this copper wire was bent 
form small flat hook which the sample 
bundles were hung. 

The upper end the suspension was sol 
dered brass rod; this rod was turn 
The 


whole the suspension system was protected from 


fixed the center rotation torsion head. 
disturbing air glass tube. The lower end 
the glass tube was silvered the inner surface 
and grounded order eliminate interferences due 
electrostatic attraction between the sample bundle 


and the tube. The sample bundles were illuminated 


Right—Plan 
suspension fiber; torsion tele- 


scope; sample bundle; angular indicator; angular scale. 
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oscillations were observed with small telescope ap- 
proximately meter from the sample. telescope 
was adjusted that its line signs was horizontal 
and perpendicular the field direction 
magnet was its normal small fiducial 
mark was burned the center one end the 
sample bundle, and the period was deter- 
mined measuring the time required for this mark 
pass the telescope cross hairs given number 

Schematic drawings the apparatus, 
elevation and plan views, are given Figure 


Preparation Sample Bundles 


Most the materials studied were the form 
loose-twisted singles yarns. skeins 
yarns were wound grooved brass jig, care being 
taken keep the yarns accurately parallel during 
the winding the skeins. Depending upon the ma- 
terial, sufficient yarns were placed the jig give 
compact bundles approximately diameter. 
The skeins were extracted with hot ethyl 
remove any waxes finishing were then 
compacted drawing through hole Bake- 
lite form. While drawing through the form, single 
turn yarn was tied about the skein intervals 
along the length the skein. After tying, the skein 
was cut into sample bundles with electrically 
wire. The bundles thus formed 
length, with tie each end, and weighed 0.5 
less. 

some the first measurements attempted, much 
difficulty was experienced that the orientation as- 
sumed the bundles the magnetic field was not 
reproducible but varied from bundle bundle. 
erratic behavior was attributed the presence fer- 
romagnetic impurities either the sample yarns ini- 
tially introduced during the manipulation incident 
preparing the bundles. treatment with 
cold, dilute hydrochloric acid was found alleviate 
this erratic action. The usual procedure was take 
two skeins each material studied. One skein was 
washed with normal hydrochloric acid for 
while still skein form and again for min. 
the bundles after tying and cutting (referred 
the 30/30 treatment Table second 
skein was cut into bundles and single acid 
treatment was applied the bundles after tying and 
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cutting. Several variations the acid pretreatment 
and the results achieved are given below. After each 
treatment the acid was removed thorough washing 
with numerous portions cold water; then with one 
portion cold normal ammonium and 
again washed thoroughly with water. The samples 
were air-dried vacuum room temperature and 
then were allowed equilibrate with the humidity 
the laboratory atmosphere for least day before 
measuring. 


Procedure 


The measurements were made follows: After 
the sample bundle was mounted the suspension, 
with the long axis horizontal, the torsion head was 
rotated angularly make the bundle axis co- 
incident with the line sight the telescope. The 
sample was then allowed execute torsional oscil- 
lations, these oscillations being initiated momen- 
tary manual displacement the torsion 
the quantity was determined, the magnetic field 
was then brought around the sample. The angu- 
lar position was again adjusted make the 
bundle axis coincide with the cross hairs the tele- 
this adjustment the torsion head was not 
changed, but the magnet was rotated slightly its 
vertical axis order achieve the required adjust- 
ment the angular position the 
procedure insured that the suspension filament was 
under zero torsion when the sample was its rest 
position the magnetic This last condition 
that the oscillation take place about position zero 
torsion—is one the prerequisites the method. 
The bundle was then allowed execute torsional 
oscillations about this position minimum torsion 
and the quantity was determined. The samples 
were then transferred from the suspension previ- 
ously weighed containers, and the oven-dry weight 
was determined. All anisotropies were calculated 
the basis the oven-dry weight. 


Crystallite Orientation Measurements 


X-ray orientation measurements were performed 
fiber bundles the same materials for which mag- 
netic measurements had been made. The angle be- 
tween maximum and half-maximum intensity the 
diffraction was taken arbitrary 
measure crystallite The intensity dis- 
tribution along the (002) diffraction are was obtained 


from azimuthal tracings prepared with Geiger 
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counter spectrometer and rotating 


TABLE ANISOTROPY MEASUREMENTS FOR CELLULOSIC MATERIALS 


Angular width 


anisotropy 002 are 


No, Material and description intensity 
Ramie 20/2 metric 105.4 1.0 103.8 1.6 
Ramie yarn, 20/3 metric 
Fortisan yarn, 1100/1440, 83.7 
Cotton yarn, kier-boiled, 20/1 66.0 0.5 65.3 0.8 65.5 27.1 
Cotton yarn, Wilds 1943, 17.5/1 60.4 62.8 1.3 27.7 
Cotton yarn, 13.75/2 56.6 0.7 30.6 
Rayon yarn, Cordura, 1100/480 56.2 1.4 
Rayon yarn, textile, 150/60 50.2 1.2 48.9 1.0 16.3 
Cotton yarn, ethylamine-treated 
and water-boiled hrs. 47.8 0.7 53.1 0.6 29.8 
Cotton yarn, mercerized constant 
length 64.7 65.5 1.4 24.0 
13t Cotton varn, mercerized tension 34.1 0.6 27.3 


Indicates minutes acid treatment with 0°C 


Items 10-13 were derived from the kier-boiled singles 


specimen mount developed this Laboratory 
With this rotating specimen mount, the intensity dis- 
tribution along the diffraction are received the 
counter which had been set previously the proper 
radial angle. the sample rotates, the intensity 
radiation received the counter automatically 
traced 


Results 


The magnetic anisotropy results for the various 
materials studied are summarized Table The 
results are entered under the colunm headings that 
indicate the time acid treatment applied 
sample bundles prior aniso- 
tropy value the mean least four, and usually 
six more, determinations separate bundles. 
The standard error each set entered together 
The results the crystallite 
orientation measurements are given the 
umn the table. 


with the mean value. 


brief study was made determine the effect 
various pretreatments the measured anisotropy. 
The cotton yarn (item Table was 
selected the control, and was subjected the 
pretreatment listed Table seems apparent 
from these data that some pretreatment necessary 
with distilled water room temperature partially 
effective, further increase anisotropy observed 


(30/30 refers dual treatment discussed text 
arn (item 


following brief acid wash also seems 
apparent that the acid wash most when 
applied the bundles after tying and cutting rather 
than the sample skein From the data for 
the rayon yarn, Fiber again evident that 
brief acid wash min. suffices render the re- 
sultant anisotropies consistent with the results for 
samples which had received the longer treatments. 
some materials assumed erratic orientations 


OBSERVED ANISOTROPY 


Duration treatment 


Water 
Applied \pplied oven-dry basis 
skeins bundles bundles 


Cotton yarn 


0 0 0 44.4 
0 0 60 55.0 
30 0 0 56.3 
0 0 60 61.6 
0 5 0 65.5 
0 x0 0 65.3 
x0 0 0 66.0 


Ravon 


0 5 0 83.1 
82.2 
0 30 0 R34 
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magnetic the briefest acid treatment, all 
the materials studied invariably assumed orien- 
tation with the long axis perpendicular the field 
direction. From theory known that the axis 
greater susceptibility the plane oscillation 
the axis perpendicular the fiber axis has there- 
the greater algebraic susceptibility and 
diamagnetic; and the fiber axis the greater dia- 
magnetic follows that cellulose 
macromolecule the axis greater diamagnetic sus- 
ceptibility lies along the length the 
This conformity with the results 
Nilakantan cellulose from teakwood and with 
the general rule Lonsdale which states that 
for organic molecules containing few multiple 
bonds the maximum diamagnetic susceptibility and 
dimension the molecule. 


Discussion 


known that long-chain diamagnetic molecules 
are, general, anisotropic and that when such 
anisotropic molecules are arranged regular man- 
ner, crystal, the resultant anisotropy the 
gross structure primarily dependent upon the rela- 
tive orientation the molecules the 
Thus, the arrangement the cellulose chains, 
with their lengths more less parallel the fiber 
axis, gives rise the observed anisotropy, 
and the magnitude this anistropy should turn 
tation. 

Hermans has shown that cystallite orientation 
determined x-ray diffraction and that de- 
termined for the whole fiber from double refraction 
agree well, least for highly oriented 
fibers. Since according theory and opti- 
cal anistropy studies can expected give analo- 
gous results [5], seemed reasonable that the mag- 
netic data would also correlate well with x-ray data. 
The relation between the half-maximum angles, the 
present measure crystallite orientation, 
magnetic anisotropy the various 
shown Figure each point identified accord- 
ance with the item numbers from Table 

can seen that the data would meaningless 
were necessary use single relation for all 
the points. However, the materials are divided 
with respect crystalline modification 
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cellulose then the data fall along two dis- 
tinct lines. 

order discuss these data further, certain per- 
tinent results study optical aniso- 
tropy will noted here. concluded that the fol- 
lowing factors influence the optical anistropy 
fiber ideal complete longitudinal orientation 
(7) the modification the crystalline part; and (2) 
the percentage material the 
Thus, the molecular orientation fibers different 
modification cannot compared terms 
the observed double refraction since they not 
approach the same limiting value optical aniso- 
served for native ramie refractive index difference 
(cellulose For the mercerized ramie the specitic 
optical anistropy was only Hermans empha- 
sized the fact that the orientation this stretched 
mercerized ramie was good better than that 
the original native sample, and yet the observed opti- 
cal anisotropy was only 78% the first value. The 
results Hermans have been cited 
analogy they seem give plausible explanation for 
the orientation vs. magnetic relations 


shown Figure seems evident from the data 


greatly influenced the observed magnetic anisotropy, 
and that the anisotropy varies with orientation 
different manner for the two 
interest compare the magnetic anisotropy two 
materials different modification equal orienta- 
The ramie yarn (item and the rayon yarn, 
(item 4), both exhibit high and nearly equal 
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crystallite orientation, and yet the ratio the aniso- 
tropy for these two materials 0.80, value ap- 
proximately equal the ratio given Hermans for 
native and mercerized ramie. 

more difficult decide from the present lim- 
ited data whether the observed anisotropy 
The 
ethylamine-treated samples are particular interest 
this connection. 


enced the percentage crystalline material. 


Treatment cotton with anhy- 
drous ethylamine followed chloroform extraction 
the amine has been shown reduce the percentage 
material 
boiling the amine-treated cotton causes 
restoration crystallinity. 


The percentages 
talline material, estimated the acid-hydrolysis 
residue technique for the control, the amine- 
treated, and the amine-treated cottons 
were 91% and 55%, has fur- 
decrystallized cotton” still 
Since 
maximum angles given Table were not appreci- 
ably different for these three materials (Table 
items 10, and 11), the comparatively large differ- 


ther been shown that the 
possesses the native 


ences the anisotropy for these samples must due 
solely differences the percentage crystalline 
material. seems, therefore, that the same factors 
which influence the optical anisotropy fibrous 
material also operate magnetic anisotropy 
considered criterion molecular orientation. 


The extreme difference the observed anisotropy 


for the cotton yarn mercerized constant length and 
with tension again presents case which not 
explainable the basis variations crystallite 
orientation alone. 

Certain points are mentioned below which should 
considered any further magnetic study cellu- 
losic fibers. order effect more rigorous cor- 
relation with other methods molecular orientation, 
would necessary measure the anisotropy 
fibers rather than bundles yarns. While the use 
bundles parallel fibers little more tedious 
experimentally, the bundles can made quite small 
the torsion constant the suspending filament 
reduced accordingly. The disorienting effect twist 
the yarns undoubtedly influences both the absolute 


Furthermore, the 
magnetic anisotropy should compared with those 
criteria which reflect the orientation the fiber 


and relative values reported 


optical swelling anisotropy rather than 
crystallite orientation, which does not take 
count the amorphous cellulose. 

Reliable limiting values ideal longitudinal orien 
tation must obtained for the two crystalline modi 
fications order use magnetic anisotropy 


measure orientation. well oriented actual 


fibers could then compared these two limiting 
values. However, further study the effect 
ferences crystallinity between the ideal and actual 
fiber would still required order give the 
method any general usefulness. 
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Letters the Editor 


Short communications the form Letters the Editor are intended prompt 
publication significant new research results and permit exchange views papers 


previously published the 


These communications are not submitted formal re- 


view are research papers, and the editors not assume any share the responsi- 


bility for the information given the opinions expressed. 


When work previously published 


the the subject critical comment, the authors the original paper are given 
opportunity submit reply, which will published concurrently when possible. 


The Birefringence Dacron Polyester Fiber 


TEXTILE 
Princeton, New Jersey 
December 15, 1952 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


The recent paper Heyn concerned with re- 
fractive index and birefringence measurements syn- 
thetic fibers, prompts point out possible error 
his determination the birefringence Dacron 
polyester fiber, and indicate different method 
measurement which makes 
such error less likely. 

Heyn reports value 0.015 for the birefringence 
per thickness fiber. information about the 
extent stretching given, but presumably 
sufficient result the characteristic x-ray pattern 
which begins appear about 250% 
stretch. have measured the 
Dacron function stretching, with the following 

Stretch 
(%) 
0.001 
102 0.042 
199 0.110 
299 0.140 
402 0.167 
499 0.181 


Birefringence 


Thus, Dacron stretched only appears have 
birefringence nearly three times the value reported 
Measurements the immersion liquid 
technique confirm the very high birefringence Da- 


found that the refractive 
index perpendicular the fiber axis 
that given Heyn, but that the index parallel the 
axis, which was unable measure, quite high 
and depends strongly the degree stretching. 
The methods measuring birefringence described 
Heyn become difficult apply the case fibers 
with very large retardation, because the uncer- 
tainty the order interference. 


cron recorded above. 


Determination 
the birefringence such fibers visual examination 
the polarization colors becomes impossible, since 
the higher orders the colors become less distinctive 
and very closely spaced; even the use retardation 
plates the quartz wedge hampered the inter- 
ference orders which may encountered with Da- 
cron—eighth ninth. 

The method used this laboratory (suggested 
end the fiber and observe the black interference 
exhibited the wedge between 
monochromatic light. The number such bands 
gives directly the order interference 
The remaining steps involve the principle the 
Sénarmont compensator order permit 
greater range rotation, the upper prism the 
polarizing microscope replaced small piece 
Polaroid fitted into the which equipped 
with pointer and circular scale. plate, 
with its slow direction parallel the polarizer vibra- 
tion direction, used above the specimen, 
Against the dark background the crossed polarizer 
and analyzer, the fiber (immersed mineral oil) 
adjusted the 45° position, where its center appears 
brightest. The angle radians) through which 
the eyepiece analyzer must turned order pro- 
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duce extinction down the center the fiber meas- 


ence bands seen the fiber wedge monochromatic 


where 


light. the wave length the illuminating light, 
and the thickness the fiber. 

These measurements were made part pro- 
gram supported the Office Naval Research un- 
der Contract No. samples Da- 
cron polyester fiber were obtained through the kind- 
ness Pont Nemours and Company. 
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Author’s Comments 


The data obtained the above writers with Da- 
cron polyester fiber different stretch the one 
hand confirm our findings the great influence 
but the other hand suggest that the birefringence 
commercial Dacron much higher 
with our original material (which was older 
Deter 


perimental product the Fiber type). 
confirm this the fiber has the 
highest birefringence all synthetic fibers far (in 
the order the highest values given 

method described above 
fiber 


under the polarizing microscope and furnishes valu 


The elegant 


means for easy differentiation 


able addition our comparative study and 
cation procedure synthetic fibers with the polarized 
light method. 

Heyn 

School Textiles 

Clemson Agricultural College 


Clemson, 


(January §, 1953.) 


The Rapid Identification Fibers the Christiansen Effect 


MILLS, INC. 
New York, 
December 30, 1952 
the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


Two recent discussions fiber refractive indices 
used our laboratory may interest aid 
the qualitative analysis fibers. There nothing 
new the method, having been shown many 
years ago Christiansen that material placed 
liquid having similar refractive index but 
higher dispersion, under certain conditions varying 
chromatic effects are visible the naked eve 
Since time, his technique has been 
proved [15], rediscovered [11], and variously ex- 


plained 16], and developments his 
ment have been applied various workers 
who added special Preston and Free 
man observed the colors without special equipment, 
but their goal was the determination precise refrac 
tive indices, and they added 14]. 
Douglass and Crossman the 
Christiansen effect observed with special 
for the qualitative analysis few fibers 
with few liquids but the fibers listed are more 
and surely differentiated with less equipment, 
and their excellent approach does not seem have 
had practical employment. 

The Becke line method for refractive index also 
hased the microscope and often difficult [6, 
values, which sometimes are given commercial 


addition, the contains different 


fibers had refractive indices absolute those 


nonfibrous crystalline materials 
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Preston, Heyn, Matthews, and others have pointed 
out, the refractive indices different samples the 
same commercial fibers can and vary considerably, 
that painstaking Becke line determinations 0.002 
better are not normally required for qualitative 
analysis and can misleading. 

our method have gone back the original 
Christiansen principle, with merely the addition 
lightly dyed fiber mounted 
index liquids high dispersion seem brilliantly 
colored when inspected the edge 
mately parallel beam light the edge illumi- 
nation from overhead daylight fluorescent tube 
frosted incandescent can determine 
and adequately for the purposes qualitative 
analysis using set liquids differing 0.005 
viewing the fibers illuminated through small 
oblong Polaroid. The Polaroid may placed 
front behind the Fibers with al- 


Refractive 


index polaroid 
1.475 Acetate rayon 
1.480 Acetate rayon 


Viscose, Fiber linen, ny- 
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most equal that the liquid are seen red-blue. 


the liquid index too high, colors—blues 
which vary from indigo paler shades—are visible. 


the liquid slightly too low, warm colors 
brick red, amber, and yellow—are produced. The 
following table shows the complementary nature 
the colors: 
Color 
corresponding 


Visible color wave lengths 


Sky blue Red 
Violet-blue Orange 
Purple Yellow-green 
Magenta Green 
Orange Blue 

Yellow 


Not all fibers produce colors high intensity 
cotton, Dacron, and may give dim 
shades. Twist, overlapping, crimp, and delustrants 


Perpendicular Parallel 
Acetate rayon 
Acetate rayon 
1.485 Celcos* Celcos* 
German polyacrilonitrile 


Acetate rayon 

Acetate rayon 

Celcos* 

German polyacrilonitrile 
staple 


Bemberg staple, Fortisan 
Viscose, Orlon staple, X-51 
staple, Bemberg staple 


Orlon staple, X-51 staple 


Orlon, Acrilan 


lon, Acrilan, Orlon 


X-51,* nylon, ramie, Cor- X-51* 


dura, Bemberg, Perlon 


1.500 German 
staple staple 
1.510 Bemberg staple 
1.515 Orlon staple, staple, 
Bemberg 
viscose 
1.520 Orlon, Acrilan, acetatet 
1.525 X-51,* viscose, Perlon 
1.530 Viscose, Dynel staple 
Vinyon Aralac, Bemberg, 


Dynel, Vicara 

1.540 Viscose 

1.545 Cor- 
dura, soybean (Drackett), 
Bemberg staple 


Dynel staple, cotton* 
Vinyon Aralac, silk, Dy- 
nel, Vicara 

SpunLo silk Viscose 
Wool, Fiberglas, Fiberfrax, 
soybean (Drackett), Bem- 
berg 


Dynel staple 
Vinyon viscose, Aralac, 
Dynel, Vicara 


cose, soybean (Drackett), 
Bemberg staple 


1.550 Wool, Soylon Soylon, Dacron* Wool, Soylon, Cordura, 
Bemberg staple 

1.555 Fortisan, Bemberg 

1.560 Angora Angora Angora 

1.565 Fiber 

1.570 Vicara Vicara 

1.580 Perlon, ramie Dacront Perlon, nylon, linen 

1.585 Silk 

1.590 Ramie, silk 

1.600 Saran staple Saran staple 

1.605 Saran 


Dim colors. 
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cut down the good results, few well- 
parallelized fibers should mounted under small 
cover this way, several checks can made 
single glass addition the Christian- 
sen colors, fibers may produce prismatic colors, 
the liquid refractive index goes well above that the 
fiber refractive index about 
matic colors are easily distinguished from the Chris- 
tiansen colors since there color change 
matic order (red, green, blue) the angle illumi- 
nation increases. 

have made test liquids using acetone, 
anisol, oil fennel, butylearbitol, and a-chloronaph- 
thalene, and have blended them order cover the 
approach has its disadvantages. because uneven 
evaporation the constituents 
changes the refractive index. Preston has given 
series liquids high dispersion but is, 
course, not possible find practical group pure 
liquids which closely covers the entire range. Here 
too, literature index values and the index values 
commercial products not necessary that 
the liquids have very high dispersions for the chro- 
tively low dispersion, will give 
colors with acetate opposite indi- 
cates the fibers which have been tested our labora- 
tory and which will show purple using the above 
technique. Naturally, correct and table 
fiber refractive indices would good guide. 
should bear mind that liquids change with 
temperature, and some fibers change with moisture 
list based liquids and tested 
just below American standard textile conditions, 
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liquid used, amber color will seen, and 
lower liquid used, the color will blue. 
have also marked the beginning the pris- 
matic effect some fibers. 
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INDUSTRIAL SECTION 


The Measurement Fabric Thickness 


Seaman 
Characterization Research Laboratory, Textile Research Division, Textile Fibers Department, 


Pont Nemours Company, Inc., Wilmington, Delaware 


Abstract 


discussion the principles underlying the measurement thickness presented. 
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The instruments and procedures current use are outlined, together with their advantages and 
disadvantages. procedure based the one adopted the British Standards Institute for 


measuring fabric thickness under low pressures outlined and recommended. 
equipment discussed, together with the results obtained over 200 fabrics. 


Introduction 


Research such fabric properties bulk, warmth, 
hand, and resilience indicates the importance reli- 
able methods for measuring thickness. Since most 
fabrics are compressed rather easily, the type in- 
strument and method measurement used can influ- 
ence the results example, woven 
conveyor belting heavy cotton duck are both quite 
sures encountered normal usage. Therefore, 
dead-weight gage used measure thick- 
nesses, the pressure applied the presser foot such 
instrument not important factor the test 
direct contrast this the case 
pile liner fur-faced fabric. the case such 
fabrics apparent that the value reported fabric 
thickness will dependent the pressure exerted 
the during the difference be- 
havior shown Figure Both fabrics have been 
subjected the standard A.S.T.M. pressure 
The extreme deformation the double-pile 
liner quite apparent. 

evident from the foregoing that one standard 
method measuring thickness which utilizes ap- 
preciable pressure cannot give accurate results all 
types fabrics. the other hand, possible 
that for quality control work, which 


marily with reproducibility, once 


The necessary 


for measurement have been established using 
ticular instrument and procedure, such method may 
entirely satisfactory regardless its relative accu- 
racy. However, research work recognized 
that there are some fabric constructions 
lining material blankets, for example) which are 
used situations where their usefulness depends 
their ability maintain their original 
thickness) under relatively low for 
such relatively materials worsted 
misleading measure their thicknesses under 3.4 
since the maximum pressure service (on the 


Standard A.S.T.M. Test 


Several different methods are available the pres- 
ent time. The only official method, however, the 
used many types fabrics. The current 
procedure based the use dead-weight 
gage with presser foot (diameter 0.375 in.) at- 
tached micrometer dial graduated read directly 
men placed horizontally, without tension, 
anvil, and the presser foot applied normal the 
fabric surface under pressure Ibs. 
The separation anvil and presser foot, 
cated the dial, reported measure fabric 
thickness. 


| 
| 
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Many variables are present such measurements. 
Haven has stated that the following variables are 
present when the conventional micrometer type 
equipment used. They may classified as: con- 
trolled variables, such size and weight the 
presser foot, which determines the pressure applied 
the fabric, shape presser foot, and stability 
rigidity equipment; operative techniques, such 
rate which the load applied the specimen, and 
time elapsing during measurement; 
variations within given sample. 

apparent that these variables exist listed 
such thickness measurements, and also that the 
topic headings could apply practically all test equip- 
ment and procedures. However, view this list 
and the discussion the previous section, evi- 
dent that the present test should not 
used for all types and constructions fabrics. 

The A.S.T.M. test well established this coun- 
try, and many instances satisfactory. does, 
however, penalize soft fabrics such the pile-liner 
fabric shown Figure such fabric the indi- 
vidual elements the pile may considered 
Euler columns which, when subjected axial 
stress excess the critical load, will bend laterally. 
Since such condition the mass 
fibers exposed such load will buckle and the 
pile will compressed until the density the com- 
pressed mass becomes great enough resist further 


Compression different fabric constructions under standard pressure (34 


12 Os. 


cotton 
lateral condition always ob- 
served some degree when the thicknesses soft 
fabrics are measured according the pro- 
elimination reduction this condi 
tion necessary order determine the thickness 
the fabric under loads frequently found service 


Other Methods 


signed Schiefer, has been used for thickness 


with rack and pinion which moves vertically. 


measurements 
consists two micrometer gages mounted 
The 
two gages are connected means helical spring. 
threaded shaft connected the lower gage permits 


any one three different diameter 


presser feet.* practice, the specimen tested 
placed horizontal anvil without tension, and 
the rack and pinion operated lower the presser foot 
the specimen. means calibration curves for 
each size presser foot, the desired pressure 
The read- 
ing the lower gage, which reported specimen 


applied, indicated the upper gage. 


thickness, the distance between anvil and presser 
foot when the pressure has been increased stated 


amount. This equipment has merit that easy 


*It understood that fourth foot larger diameter 
in.) secure still lower pressures has recently been put 
the market. 
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A 
i 
! 
; 


204 


operate and the test may carried out quickly 
and pressures from .002 2.00 may used. 
Among its disadvantages are: hysteresis effect due 
friction observed, different value thickness 
being obtained for given pressure dial reading de- 
proached from the high low side; the equipment 
must recalibrated frequently due changes the 
coefficient friction lubricated parts with time 
low pressures the compression specimen under 
its own weight not taken into consideration; and 
when using the larger presser feet low pressures, 
care must exercised sure the foot remains 
parallel with the anvil and not deflected 
dental tilting out level due warping the 
foot 

also possible measure fabric thicknesses 
Instron tensile tester fitted with compression 
unit.* machine operates constant-rate-of- 
deformation tester, the deformation and 
registered the chart modified 
Leeds and practice, fabric 
placed anvil attached the sensing cell, and 
then compressed presser foot actuated 
corporated the cell translate the pressure into 
electrical signal which recorded the recorder 
chart. The thickness value reported obtained 
measuring the chart travel during the time the pres- 
ser foot moves from predetermined initial position. 
While this method very precise and variety 
pressures may employed, the necessary equipment 
expensive and the test time-consuming. 

Other methods have been considered, such pro- 
jecting cross section fabric screen and 
measuring photographing the enlarged image, but 
the preparation cross sections 
and the technique may result the introduction 
operator errors that used extensively. 


Low-Pressure Tester 


Since standard method for the measurement 
thickness low pressures exists this country, 
instrument was constructed which had been described 
originally Marsh [3] and adopted standard 
the British Standards Institute 


ment utilizes low pressures from 100 
(.015 1.5 


Engineering Corporation, Quincy, Mass. 


t 


for measuring fabric thickness 
under 


modification the equipment described the 
was constructed our laboratory order 
get high The apparatus shown 
Figure The modifications consisted the addi- 
tion more stable mount and frame and the incor- 
poration integral part the equipment 
electrical circuit indicate the test end-point. 

sq. cm. area and presser foot connected 
micrometer dial graduated anvil part 
lever arm arranged that both arms are equal 
length. Therefore, weight hung the notch 
the horizontal arm gives direct 
laboratory. lever arm suspended length 
.002-shim stock provide frictionless bearing. 
perspective view this assembly shown Fig- 
ure the presser foot moved against the 
fabric means vernier screw, the fabric and 
anvil are moved the left until the anvil contacts 
adjustable zeroing screw, the contact being indicated 
completion electrical circuit which flashes 
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Perspective drawing presser foot and 
arm assembly the low-pressure thickness tester. 
red the equipment has previously been ad- 
thickness will indicated directly the dial. Most 


dials are spring-loaded that 
turn zero automatically. 


Therefore, when used 
this apparatus, either the spring action must re- 
versed the numbering the dial reversed pro- 
vide direct reading measurements. 


Advantages Low-Pressure Tester 


This instrument has two advantages inherent its 


This eliminates any compression the fabric 


Fic. 
tween 
thickness for 212 fabrics. 
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under its own weight, which will occur testéd 
horizontal plane. 


example may clarify this 
The double-pile liner Figure weighs ap- 
proximately .07 its thickness measured 
under pressure 1.0 the measurement 
result the material very compliant small com 
interest and effort being directed the 
measurement thicknesses very pressures 
the evaluation such results. Second, the fabric 
determines the end-point the test since both 
presser foot and anvil are free move during the 
duration the test. 


fabric related only its 


Thus, any compression the 
This 
direct contrast conventional measurements where 
the fabric lies fixed anvil and not free seek 
equilibrium position during the The instru 
ment also free several the disadvantages noted 
for the 


Comparison Fabric Thicknesses Measured 
A.S.T.M. and Low-Pressure Techniques 


shows the relationship between the thick 
nesses 212 fabrics measured both the standard 
techniques. 
The plotted thickness each fabric the average 


weights ranged from 2.1 


Fabric 
Considering 
the fact that these fabrics ranged from thin, hard, 
thick, soft, pile liners, the 


spread values not all The 
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the two thicknesses about 1:1 approxi- 
longer apparent that above mils 
(A.S.T.M. thickness) the ratio 
thickness increases rapidly. 
rics thicker than mils are soft, measurement 
their thicknesses the A.S.T.M. will 
penalize them considerably. such cases, the use 
low-pressure technique highly desirable. 


laboratory for approximately months and 
ing quite thickness values obtained 


Theoretical Investigation Cap and Ring 


Since most clothing fab- 
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Spinning Systems 
Crank 


Courtaulds Limited, Maidenhead, Berkshire, England 


Abstract 


This paper describes how balloon profiles and thread tensions may calculated, given the 
requisite properties the yarn and the spinning frame, solving the equations motion the 
ballooning thread and considering the forces acting the cap edge the 
possible include the effects air drag and Coriolis forces carrying out the calculations 
analyzer. influence top tension the balloon profile investigated air and 
vacuum, and, particular, the characteristic licking the cap seen consequence 
air drag and low associated with the tendency form double balloon low 
tensions vacuum. 

Calculated profiles agree reasonably well with those observed for corresponding tensions 
top guide practical cap-spinning system. The balloon shown determined two 
parameters involving the various technical features such tension and denier 
dimensions the spinning frame. 

The forces the cap edge and the traveller are considered. example, the equation 
the cap edge combined with those the ballooning thread show how bobbin tension de- 
creased increasing the bobbin radius and decreasing the friction between the cap edge and 


this procedure have been found sub- 
stantially more information the bulk, compressi- 
bility, and insulation properties fabrics tlan re- 
sults obtained using the current A.S.T.M. method. 


British Standards Institute, 
Textiles, “British Standards Handbook No. 


the calculations confirm that licking may arise when the bobbin full even though 
does not occur when The bobbin tension calculated for given bobbin radius, the 
assumption smooth cap, agrees well with the observed tension practical system. 


Introduction 
any cap spinning system there are three dis- 
tinct problems considered: the behavior 
the thread the balloon between the top guide and 
the cap edge; (2) the conditions existing the cap 
edge; (3) the behavior the thread between the 
cap edge and the bobbin. this paper the thread 


between the cap edge and the bobbin considered 
straight and its tension constant. practice 
the form and tension the ballooning thread are 
determined the requirement that the forces act- 
ing the ballooning thread and also the forces 
acting the cap edge must equilibrium. 
These two sets forces are not independent 
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YARN FED FROM GODET 


CAP SHOULDER 
BALLOONING THREAD 


STATIONARY CAP 


BOBBIN ROTATING AND 
MOVING UP AND DOWN UNDER Car 


CAP EDGE 


YARN WINDING ON BOBBIN 


BOBBIN RADIUS 


arrangement for cap spinning. 

each other; the conditions the cap edge, for 
example, partly control the properties the bal- 
loon, and the forces the ballooning thread partly 
determine the forces the cap edge. 
less, convenient the first place treat them 
separate problems and then, putting the two 
together, possible predict the balloon shape 
and yarn tension, given the relevant properties 


the and the spinning frame. 


siderations clearly apply ring spinning, except 


the traveller must considered 
the edge. 

this paper the equations motion the 
ballooning thread are formulated first, and balloon 
profiles are calculated for given thread tensions 
the top then shown that the balloon 
and tension expected when particular yarn 
spinning given frame can selected from 
the family calculated balloons considering the 
forces the cap edge the 
calculating balloon profiles for given tensions the 
top guide, immaterial whether cap 
spinning being considered, and the same 
curves applies both. 


that forces 


instead those 


The method spinning 
comes later selecting the tension 
loon appropriate set spinning 
conditions. 

The calculated balloon presented 
paper are chosen illustrate how the ballooning 
thread influenced technical features such 
yarn tension, air drag, bobbin diameter, and 
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show that calculated balloons are reasonable 
agreement with those observed under corresponding 
systematically for range parameters covering 
practical spinning conditions. 


Forces the Ballooning Thread 


typical arrangement for cap spinning shown 
nomenclature and dimensions used this paper. 
setting equations motion for the ballooning 
thread, most convenient take rotating axes 
OX, OY, and OZ, rotating about with the con- 
stant angular velocity the balloon, denoted 
moving frame reference the thread curve has 
constant form. may note passing that 
bobbin radius, and spinning speed, using the 
relation 


(1) 


The following forces acting element thread 
the balloon are taken into account this paper: 
the thread the the 
element; (2) gravity the direction; (3) air 
resistance opposed the direction revolution 


tensions two ends 


the thread the balloon, assumed propor- 
tional the length the element and 
pendicular the radius the element and the 
axis the balloon OZ; (4) the centrifugal force 
directed radially outwards perpendicular the axis 
the balloon; (5) the centrifugal force acting along 
the normal the balloon curve due the move- 
ment the thread along its own length with speed 
and (6) the Coriolis force arising from the use 
rotating axes. 

not strictly accurate assume either that 
the air resistance proportional the length 
the element that 
stated. 


acts only the direction 
The thread somewhat inclined the 
vertical, and the air-drag should more accurately 
assumed proportional the element the 
meridian the there will some 
resistance tangential the thread due its motion 
along the curve. Present knowledge 
resistance law does not appear justify inclusion 
either these effects, however. 

setting equations express the fact that 
element thread equilibrium under the 


action the above forces, the thread assumed 
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vertical immediately above the top guide and 
have constant velocity and tension there. The 
thread assumed uniform and circular 
cross section, perfectly flexible, and inextensible. 
attempt made allow for possible separation 
the individual filaments the yarn moves 
through the forces along the three 
axes OX, OY, and leads the following equa- 
tions motion: 


(2) 


Here modified thread tension given 


where true tension (g.). practical 
examples very small compared with and 
can thought the true tension without 
serious error. measured along the thread 
curve denoted the radius the balloon 
the point (x, the spinning speed, and 
the mass the thread per unit length (g./cm.). 
The air-drag acting element length 
ity determined aerodynamic conditions, the 
diameter the thread, and the nature its surface. 
The precise form used discussed later 
section. 

equation (4) the term can usually 
neglected, which case equation (4) simply 


that is, the vertical component tension constant. 


Balloon profiles approximating sine curves. 
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Balloon Profiles Vacuum 


The problem much simpler one the effect 
air-drag the ballooning thread neglected. 
This then the problem spinning vacuum, 
which first appears little practical impor- 
worth-while considering briefly, how- 
ever, because when profiles are 
considered, instructive compare them with 
negligible and the Coriolis forces are small, 
that the terms 2mwv and 2mwv equa- 
tions (2) and (3) can also neglected (and this 
frequently the case for practical spinning speeds), 
then clear from the equations that every- 
where negligible, and equation (2) reduces 


The solution this equation terms elliptic 
integrals has been given previously Baltz 
Before discussing some typical balloon profiles cal- 
culated from his solution, however, instructive 
consider the much simpler equation obtained 
examining only long narrow balloons. equa- 
tion (7) becomes 

This the well-known equation for 
monic motion for which the solution 


where constant chosen such that when 
balloon height). Thus, varies periodically with 
which means that the distance between two suc- 
cessive points where the balloon crosses its 
own axis, The point interest 
that this distance increases increases. Thus, 


i 


=. 
1953 269 
TABLE 
System System 
Data (bobbin (bobbin full) 
Height balloon 46.04 (18.1 in. 42.26 (16.6 in, 
Radius cap (R) 7.78 cm. in.) 7.78 cm. in. 
Barrel radius (r) 3.50 in.) 5.67 (2.23 in.) 


Spindle speed 
Spinning speed 
Speed revolution balloon 


consider large that the half-period 
greater than twice the balloon height, Then 
the balloon qualitatively shown Figure 2a. 
the half-period less than but greater than 
than the profile shown Figure 2c; and 
on, the profiles showing progressively more the 


complete sine curve decreased. These 
GUIDE 
. 
% 
‘A 
‘ 
ry 
‘ 
¢ 


CAP RADIUS 
7.78 


Fic. Balloon profiles vacuum. The numbers 
the curves are tensions The conditions are those 
system 


133.33 (8,000 r.p.m. 
833 
95.44 r.p.s. (5,726 r.p.m.) 


133.33 (8,000 
109.95 r.p.s. (6,597 


(500 m./min.) 


forms can regarded, course, derived from 
one long sine curve which the base the balloon 
radius takes the successive positions 
and (Figure 2e). Thus, different conditions 
spinning may expected produce one these 
profiles. Returning now the more general equa- 


tion (7), Baltz used the substitutions 


(10) 
where 


equation (7) then takes the form 


ak’ 
(12 


This elliptic integral, which tables are avail- 
able that readily found for given 
equation (11) the spinning conditions, and 
since 


Furthermore, 


follows from equation (7) after one two steps 
that 


Some balloon from equation 
(12) for several different tensions just below the top 
guide are shown Figure The details the 
and spinning conditions which these cal- 
culations refer are those system 
The significance Table that the profiles 
balloons air, calculated later the paper, are 
compared with balloons observed two actual cap 
spinning systems. systems are referred 
and and them are given 


ak 
Wee 
3 
BS 
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Table bobbin empty system and 
full system 

The main features interest the profiles 
Figure are: 


For very high tension the balloon almost 

Decreasing the tension causes the balloon 
move outwards, and maximum radius greater 
than that the cap eventually develops. 

the balloon moves outwards 
tension reaches minimum, after which increases 
again the balloon moves further Thus, 
theory there are two single balloons for any given 
top tension greater than the minimum. 

single balloon exists for tension below the 
minimum. The minimum tension depends the 
yarn and the spinning conditions. For system 
about 9.9 

For tension less than the minimum double 
balloon (intersecting its own axis) 
amples are shown for tensions 9.6 and 6.3 

all double balloons top tension increases 
the balloon radius half-height Thus, 
interesting note that the behavior which 
usually regarded that the 
balloon moves outwards when the tension de- 
really special case and only occurs, 
vacuum, for certain single balloons. 

There tension below which double 
single balloon possible, but only treble balloons, 
which intersect their own axes twice. 


deriving the elliptic integral solution (12) 
Coriolis forces were neglected, and the thread curve 
calculated lies plane. This not so, even 
vacuum, Coriolis forces are 
solution was evaluated numerical integration 
include these forces for system the deviation 
any point from the plane through the axis the 
balloon and the point where the thread crosses the 
cap edge never exceeds the radius the 
balloon that point. This departure from the 
plane more marked the greater the spinning 
speed. 

Balloon Profiles Air 
The Differential Analyzer 


many practical spinning systems the air-drag 
the yarn very considerable and plays impor- 
tant part determining the balloon profile. 


such cases the problem cannot handled formal 
mathematical methods. possible, however, 
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evaluate numerical solutions for specific conditions 
using one the large calculating machines avail- 
able. The results presented this paper were 
obtained using the differential which 
forms part the equipment these laboratories. 
This type machine has been fully described else- 
where application this problem fairly 
straightforward, and solutions the full equations 
(2), (3), and (6) have been obtained with the effects 
air-drag and Coriolis forces included. 


Air-Drag 


The differential analyzer must supplied with 
information about the dependence air-drag the 
velocity the the wind speed relative 
may specified the relation 


where the wind speed, the diameter the 
yarn, the density the air, and empirical 
nondimensional parameter. Values have 
been obtained for straight wire N.P.L. and 
also for number yarns the Shirley Institute 
[6]. The latter results suggest that for wind speeds 
about 200 ft./sec. and the yarns which 
are interested, the N.P.L. law reasonably good 
approximation. Furthermore, velocity 
range the air-drag found nearly proportional 
the square the wind speed, and the square 
law adopted this work. The effective diam- 
eter, the used systems and was 
obtained from the mean diameter the individual 
filaments comprising assuming the cross sec- 
tion the yarn equal the sum the cross 
sections the individual filaments. 


Calculated Profiles 


The following are some the main properties 
balloons air revealed the calculations: 


Some calculated profiles for several 
initial tensions are shown Figure (left) for 
system and Figure (right) for system 
The profiles observed experimentally Curtis 
are also shown. The calculated balloons for top 
agree reasonably well with the experimental ones. 
particular, the characteristic repro- 
duced the calculated profile for system when 
the tension 8.4 


| 
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These tensions are compared 


with the values 8.5 and g., respectively, 


measured tensions were measured 
above the top guide, whereas the calculated figures 
refer just below the guide. Some increase 
tension expected the yarn passes through 
the guide and the agreement not unsatisfactory. 

The balloon changes with the top tension 
the following way. When the top tension high 
the balloon nearly conical. the tension 
decreased the balloon moves outwards, reaching 
maximum diameter when the tension about 
for system lower tensions, the mid-point 
the ballooning thread moves inwards and also the 
balloon develops concavity just above the cap 
edge. This tendency the cap under cer- 
The 


behavior similar except that the 


tain conditions well known 


HT 4604 Cm 
42.26 CM. 


OCN 
BALLOON WEIGHT 


BALL 


CAP RADIVS 


CAP RADIUS 7:76 


calculated and observed balloon 
numbers the curves are tensions (g.). 


largest balloon obtained for top tension about 

Comparison the profiles Figure with 
those Figure instructive regards the effect 
air resistance. high tensions the behavior 
similar vacuum and air. The top tension for 
which the largest balloon occurs air about the 
same the least tension for which single balloon 
possible vacuum. the 


behavior somewhat different because, whereas 


vacuum double balloon occurs, air the profile 
merely develops concavity and the cap. 
This suggests that the tendency the side 
the cap caused not air-drag, appears 
have been supposed previously, but the low 
tension. Licking is, fact, indication that 
double balloon would form were not for the air- 
drag, which prevents the thread crossing the axis 
the balloon causing blown round the 
licking more pronounced the lower the 


tension. The suggestion that licking indicates 


C. NPL 


d. ZERO DRAG 


CAP RADIUS 7 76cm. 


conditions are those system tension 


The 
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a2. ZERO AIR DRAG 


b. HALF NPL. AIR DRAG 
C. N.RL. AIR DRAG 


d, TWICE N.RL. AIR DRAG 


SINGLE BALLOONS 


ASYMPTOTE WHICH ALL CURVES 
APPROACH AT INFINITE TENSION 


BELOW GUIDE (G.) 


The conditions are those system 


potential double balloon strengthened the cal- 
culated behavior balloons for given top tension 
and successively less air-drag, shown Figure 
the air removed, the licking balloon approaches 
double balloon intersecting its own axis. 

The way which the balloon influenced 
top tension and air-drag summarized Figure 
The different air resistances could due dif- 
ferent atmospheric conditions or, more likely, 
different yarn diameters for the same denier (see 
the following section). 

far only have been con- 
sidered. more complete picture the thread 
curve the balloon provided the projections 
the vertical plane and the horizontal 

The variation tension along the thread 
shown Figure for the two top tensions for which 
the calculated agree with 
observed practice system usually 
associated with low tension, indicated 


The curves refer system 


BALLOON HEIGHT 46.04 CM. 


CAP RADIUS 7. 78cm. 


Fic. Projections thread curve vertical (right) 
and horizontal (left) planes. The numbers the curves 
are 


good yarn possible that the 
calculated tensions are unduly high because the 
assumptions made regarding air-drag. 


Two Nondimensional Parameters 


changes the Coriolis and gravitational forces 
are neglected and attention focussed long, 
narrow balloons small), only two parameters 
are needed specify balloon calculated from 
equations (2), (3), and Expression (15) can 
written shorter form 


drag/unit length yarn (16) 


with parameter depending the yarn and 
aerodynamic conditions. Then the 
coordinates are expressed fractions the cap 
radius, and the coordinate expressed 
fraction balloon height, easily seen from 


and 
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16 


TENSION (G) 


DISTANCE ALONG THREAD FROM TOP GUIDE 


tension along ballooning thread. 
the equations that the balloon depends the two 
nondimensional parameters and 
where the thread tension below the guide. 
substituting the approximate relation 


(17) 


the first parameter becomes constant 


This means that 
any two factors are altered such way 
maintain both parameters fixed, the thread curve 
(expressed fractional coordinates) unchanged. 
Alternatively, the effect the balloon change 
any the spinning conditions determined 
its effect one both these parameters. For 
example, the speed revolution, the balloon 
affects only the second parameter, and 
tension. 


factor having been removed. 


Thus, the tension increased the 
same ratio the balloon unchanged. 

only one parameter, needed specify 
such balloon, provided the same fractional coor- 
dinates are used and attention confined long, 


Fic. the traveller. 


narrow balloons for which Coriolis 
negligible. 


Forces the Traveller 

The forces acting the traveller are its weight, 
thread tensions, the reaction the ring, 
tional forces between the traveller and the ring. 
These forces are shown Figure 
Here Ty, and are components tension 
along the axes OX, OY, and OZ, respectively; 
the tension the thread between the traveller and 
the bobbin; and are the horizontal and ver- 
tical components the reaction the ring the 
traveller, and the frictional drag the ring 


the Resolving along the radius gives 


where the mass the traveller, the ring 
radius, and the angular velocity the traveller, 


the same that the balloon. 
tically, 


ver- 


and along the tangent the traveller motion, 


The resultant reaction between ring and traveller 
and hence the frictional force, 
given 


= + R,?*)}, (21) 


where the coefficient friction between ring 
and traveller. Substituting for and from 
equations (18) and (19) and then for equation 
(20) 


P sin — T; + My + Mg)? 


Because the thread running through the traveller, 


vs 
Ry 
if 
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the tension, exceeds the relation between the 
two being given approximately 


(23) 


where the angle through which the thread turns 
passing through the traveller, and the 
cient friction between the thread and the traveller. 
The angle given the usual relation for the 
angle between two lines whose direction cosines are 
given. Since setting equations motion 
the thread was taken increasing towards the 
traveller, the relation becomes 


and also equation (22) 


Tx = — Tdx ds, T\ = —Tdy ds, 
(25) 


where the tension the thread the traveller. 
substituting for from equation (23) and using 
equations (25), equation (22) becomes relation 
between thread tension and direction which must 
satisfied order that the forces the traveller 
will equilibrium. Previously paper 
values thread tension and direction the trav- 
eller for which the ballooning 
equilibrium were which are 


06 


a4 


dy/ds CAP 


02 


° 0.2 0.4 0.6 


dz/ds OAP 


JOURNAL 


possible practice for given spinning conditions 
are those for which tension and direction 
both traveller and balloon equations. 


Forces the Cap Edge 


rigorous treatment the conditions the cap 
the ballooning thread. However, the radius the 
cap edge usually about 0.01 in. compared with 
assume that the cap has line edge rather than one 
finite the motion the 
thread usually much greater along the cap edge 
than across it. This means that the main com- 
ponent friction tangential the cap edge and 
appreciable change occurs the thread tension 
when the thread crosses the edge. these 
assumptions, the problem closely similar that 
traveller zero mass, and, resolving the 
forces the corresponding way, easily shown 
that the relation the cap edge 


which follows directly from equation (22) putting 
efficient friction between the thread and the cap 
edge. 


equilibrium conditions for cap- 
edge and balloon forces. The 

conditions 
system IT. 


0.8 1.0 


é 
| 
dx 
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For given and 
bobbin radius 


given ratio cap 
that the cap edge equation (26) satisfied. Also, 
the same diagram can plotted values 
and dz/ds the differential analyzer for 
the 
intersection these two curves both the cap edge 
and the balloon conditions are satisfied, 
values and there define the top ten- 


ballooning threads various top tensions. 


sion and hence the balloon expected for given 
spinning conditions. example such dia- 
gram shown Figure 10, where the conditions 
one the two intersections calculated 
from equation (26) positive, and the other 
the 


which the sign agrees with the sign the 


negative. Thus, only one intersection, for 
corresponding quantity the balloon curve, 
acceptable. 

Treatment equation (22) for the traveller 
similar principle though slightly more compli- 
cated practice because there family curves 
against dz/ds for different values 
The intersection the balloon curve with the sur- 
face this family curves three- 
dimensional diagram has determined find 
which balloon can exist. 
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Effect Bobbin Radius and Friction 
the Cap Edge 


Figure shows how bobbin tension varies with 
bobbin radius and how depends the coetticient 
friction the cap curves are based 
values calculated the way described above tor 
cap spinning under the conditions system 


culated bobbin tension seen decrease bobbin 


apart from the 
radius increases, but increasing the coefficient 
friction leads higher bobbin tensions. 
conclusions are qualitative agreement with prac- 
tical shows that the tension 
increases rapidly below certain radius, and 
clear that, for the higher coefficients friction, 
spinning will prevented breakage the 
thread unless the bobbin almost full. 

interest see how the thread tension 
deduced from Figure agrees with that observed 


practice for system when the bobbin full 
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for example (bobbin radius 5.67 cm.). Taking 
perfectly smooth cap the bobbin tension 
from Figure for this radius roughly 11.5 
which corresponds, according the differential 
analyzer solutions, tension below the top guide 
The measured tension above the guide for 
system Clearly, the calculated tensions 
for rougher caps are still greater. This and other 
comparisons between calculated and observed ten- 
sions suggest that the coefficient friction the 
cap edge less than This much smaller 
than would normally expected for cellulose ace- 
tate yarn and known, however, that the 
frictional properties depend greatly local condi- 
tions. Also, Morton has suggested 
conversation, there may not true contact be- 
tween the thread and the cap edge. 

The change tension, which occurs the bobbin 
fills up, produces changes the balloon. The pro- 
files Figure for empty and full bobbin 
show that licking can occur with full bobbin even 


though does not occur when the bobbin empty. 
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Tomorrow's customer, may 
still remember the ironing board. But chances 
are, she'll have little use for one. 


For women, especially, are leading busier 
lives today. That means less time for clothes 
care greater demand for fabrics that 


sible for you offer fabrics exciting new 

textures that wash easily, 

dry quickly, hold their shape, stay crisp and 

pretty longer. 

When you create fabrics, consider the 
Pont “modern-living” fibers—take advan- 
tage Pont's long experience and more 
extensive research fibers and 
Pont help you produce fabrics that PON 
Mize POLYESTER FIBER a 
BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 


1 


DREW 


anti-static agents 


proved superior 
every 
static testing 


It’s time you tried 


Anti-Static agents. 


full line new, effective materials 
now available for use with any type 
fibre, yarn fabric. 


evaluated for chemical, physical and 
electrostatic properties laboratory and 
plant all known procedures and have 
proved superior every case. 


textile production, treated 
fibres are manipulated without trouble. 
Fabrics finished with are 
dust, lint and dirt free, they cut better, 
sew better and are more comfortable 
wear. Used with resins they also 
supply increased tear resistance and 
quicker recoverability from crease. 

Write for summary leading Anti-Static 
testing devices, and the latest leaflet 
using the new Drustats 

production for any specific fibre 


DREW Ine. any specific textile process. 
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